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PROPYLITIZATION AND RELATED TYPES OF 
ALTERATION ON THE COMSTOCK LODE. 


ROBERT COATS. 


ABSTRACT. 
Descriptions of several occurrences of propylitized andesites 

are reviewed, including the original descriptions of “ propylites.” 

The principal explanations that have been offered for propylitiza- 

tion are: (a) dynamometamorphism; (b) autohydration; (c) 

origin through post-volcanic activity, generally by vein-forming 

solutions. The general geology of the portion of the Comstock 

district pertinent to the discussion is reviewed. The unaltered 

andesites are pyroxene-amphibole andesites. There are three 

principal types of alteration, deuteric, propylitic, and zeolitic. The 

deuteric is probably due to water vapor- contained in the rock 

at the time of its crystallization. The propylitic appears to be 

due to heated solutions given off by a later intrusive. The 

zeolitic is apparently associated with vein-forming agencies. 

INTRODUCTION. 

Most processes of hydrothermal alteration have been named from 
the characteristic mineral developed by them. The name thus 
comes to express the concurrence of two factors, process and 
material, rather than process solely. The term propylitization 
has been derived otherwise, but has the same limitations. Propy- 
lites are altered andesites. The degree and type of alteration 
present in rocks that have been described as propylites vary 
widely, however, as shown by a review of the literature. Between 
1933 and 1937 the writer had occasion to study one of those 
occurrences of altered andesite to which the name propylite was 
earliest applied, and which might be said to be, in a measure, the 
“type locality” for propylitization—the Comstock Lode. Many 
of the rocks studied in thin section were taken, as nearly as pos- 
sible, from the original localities of the propylites described by 
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Zirkel in the reports of the 40th Parallel Survey. These original 
propylites are here re-described, and upon the new descriptions 
is based a proposed definition of propylitization. 

The origins suggested for propylitic alteration are reviewed 
briefly, and it is shown that no one of them is strictly applicable 
to the Comstock Lode. In all probability, similar end products 
may be produced by solutions having quite different origins. 


REVIEW OF PREVIOUS WORK. 


Under this heading the descriptions of propylitized rocks, their 
relationships to volcanic and tectonic phenomena, and the origins 
suggested are discussed. Lindgren* and Schwartz’ have sum- 
marized American literature so well that this review will concern 
itself chiefly with foreign descriptions. 


Descriptions of Propylitic Alteration. 


The geologists who first examined the Tertiary ore deposits in 
the volcanic rocks of Eastern Europe learned to recognize a rock 
resembling somewhat the normal andesite, but differing from it 
in habit and superficial appearance. During the middle of the 
last century, similar rocks were found in many famous mining 
camps of the North American Cordillera. 

von Richtofen,® who had studied the ore deposits of Hungary 
as well as those of the Comstock Lode, christened the rock in 
question “propylite’ to express his belief that it was the pre- 
cursor of all the volcanic rocks, 7.e., that it inaugurated Tertiary 
vulcanicity, since pre-Tertiary rocks at that time were not con- 
sidered volcanic. 

Zirkel,* who identified the rocks collected by the 4oth Parallel 

1 Lindgren, W.: Metasomatic processes in fissure veins. Trans. A. I. M. E. 30: 
579—-689,1900. 

2 Schwartz, G. M.: Hydrothermal alteration of igneous rocks. Bull. G. S. A., 50: 
195-197, 1930. 

$ von Richtofen, F.: The natural system of volcanic rocks. Mem. Cal. Acad. Sci., 
I; 22, 1868. 


‘ Zirkel, F.: United States Geological and Geographical Survey of the goth 
Parallel, p. 83, 1873. 
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PROPYLITIZATION ON THE COMSTOCK LODE. a 


Survey, generally followed the identifications of von Richtofen. 
- ca) 

With the exception of the diorite intrusion of Mt. Davidson, 
which was regarded as pre-Tertiary, the entire Virginia Range 
was regarded as having been covered by “an outflow of pro- 
pylite.” 

Zirkel summarizes the following properties of propylites, as 
distinguished from andesites: Greenish gray groundmass, struc- 
ture resembling diorite porphyry, the presence of scattered horn- 
blende dust, the lack of glass inclusions in plagioclase, and of 
glass in the groundmass, the prevalence of epidote, the rarity of 
augite, the predominance of green rather than brown hornblende. 

Becker,’ however, determined as green chlorite much that was 
identified by Zirkel as hornblende. He came to the conclusion 
that 
the mineralogical composition and structure of the propylites of the 
Washoe district in their original state were identical with those of cer- 
tain fresh rocks found in the same region, namely, granular diorite 
dioritic porphyry, diabase, hornblende andesite and augite andesite. The 
great and misleading similarity of the propylites to one another is due 
not to original constitution, nor to their geological relations, but to the 
identity of the decomposition processes to which they have all been 
subjected. 

Lindgren * in 1900, quoted the definition given by Rosenbusch 
that propylitization consisted in a loss of the glassy habit of the 
feldspars, the chloritic alteration of the hornblende, biotite and 
pyroxene (commonly with the intermediate stage of uralite), and 
also in the alteration of the normal groundmass into a holocrystal- 
calcite, commonly with a considerable development of sulphides, 
generally pyrite. 


line granular aggregate of feldspar, quartz, chlorite, epidote, and 


B. von Inkey* emphasized the alteration of hornblende and 
pyroxene to chlorite and carbonate. Biotite and feldspar may be 
quite fresh, according to him; pyrite is not. essential. Schu- 
macher’s definition did not differ greatly from this. 

5 Becker, G. F.: Geology of the Comstock Lode. Mon. III, U. S. Geol. Surv., 
p- 88, 1882. 

6 Lindgren, W.: op. cit., p. 585. 

7 von Inkey, B.: De la Relation entre ]’Etat Propylitique des Roches Andesi- 
tiques et Leur Filons Mineraux. Compt. Rend. Cong. Geol. Int., X. Sess., 1: 


501-517, 1907. 
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Lazarevic * divided propylitization into two types: (a@) the 
zeolitic, corresponding with that described by Schumacher and 
von Inkey, except that the presence of zeolites is considered es- 
sential, and (b) the pyritic, in which the feldspars are sericitized 
and kaolinized, and much pyrite is added, together with some 
alunite. 

T. Kato ° was apparently the first to recognize the albitization 
of plagioclase as an essential feature of propylitization. 

Biirg,*® in 1931, reviewed propylitization and other types of 
alteration with specific reference to the occurrences at Brad, in 
the Siebenbiirgen. Because of the looseness that has crept into 
the usage, Burg prefers to use the phrase “ griinsteinartige 
Andesitfacies ” instead of propylite. His definition corresponds 
with that given by Schumacher. Megascopically he recognized 
as characteristic: (a) the loss of the original trachytic character 
with the formation of a tough rock with conchoidal fracture, 
(b) disappearance of porphyritic structure due to the alteration 
of the dark constituents, (c) greenish color of the rock. 

Krusch** also worked at Brad. He recognized as propylitiza- 
tion the alteration of the rocks to become greenish, duller, and 
more or less impregnated with pyrite. New minerals are calcite, 
sericite, chlorite, epidote, quartz, etc. Pyroxene and amphibole 
are first altered completely to chlorite whereas the feldspars re- 
main rather fresh. The propylite of Brad is like that of other 
young gold-silver veins, except that the latter have, in general, 
suffered a more complete alteration of the feldspars. This, 

8 Lazarevic, M.: Die Propylitisierung, Kaolinisierung, und Verkieselung und 
ihre Beziehung zu den Lagerstatten der propylitischen jungen Gold-Silbergruppe. 
Zeits. f. Prakt. Geol., 21: 345-361, 1913. 

9 Kato, T.: Mineralization sequence in the formation of the gold-silver veins of 
the Toi Mine. Jap. Jour. Geol. Geog., 9: 7-86, 1931. 

Idem: Last Stage of Magmatic Differentiation as represented by Tertiary Gold- 
Silver Veins. Compt. Rend. Cong. Geol. Int., XV. Sess., 2: 9-12, 1931. 

10 Burg, G.: Charakteristic der griinsteinartige Andesitfacies, ihre Ursachen und 
3eziehungen zur Kaolinisierung und Verkieselung. Zeits. f. Prakt. Geol., 39: 


161-173; 187-192, 1931. 


11 Krusch, P.: Die Goldgange der Rudaer 12-Apostel-Grube bei Brad (Sieben- 
biirgen). Zeits. f. Prakt. Geol., 44: 1-55, 1936. 
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PROPYLITIZATION ON THE COMSTOCK LODE. 3 
however, is only a qualitative difference, since the alteration of 
the feldspars at Brad had begun, but was not completed. 

Schwarts** has recently reviewed exhaustively the various 
types of hydrothermal alteration of igneous rocks. He regards 
propylitization as being characterized by the formation of chlorite 
and epidote. He quotes Kemp's definition of propylite as “ the 
alteration of igneous rock in which hydrous magnesian alteration 
products are important and are associated with epidote and 
carbonates.” 


Relationship of Propylitization to Volcanic and 
Tectonic Phenomena. 


Propylitization has generally been regarded, in this country 
at least, as a phenomenon spatially related to vein fractures, and 
generally caused by vein-forming solutions. However, several 
authors have noted a lack of such spatial relationship, and not 
a few have attributed the alteration to other causes. 

B. von Inkey* early remarked on the regional character of 
propylitization, as compared with the kaolinization, which was 
clearly due to vein-forming solutions. 

Lazarevic** noted that the propylitized rocks in areas studied 
by him showed neither signs of dynamometamorphism, nor de- 
pendence ‘on zones of crushing. The degree of propylitization 
does not increase with approach to the veins. The propylitic al- 
teration occurs over large areas where no veins are known, and 
the veins are found in fresh andesite. 

Schneiderhodhn** mentioned the regional character, and an- 
nounced that propylitization is older than the ore-formation and 
older than the alteration of the immediately adjacent country 
rock of the ore. 

Biirg ** noted that, at Brad, the volcanic necks are each uni- 

12 Schwartz, G. M.: loc. cit. 

13 yon Inkey, B.: loc. cit. 

14 Lazarevic, M.: loc. cit. 

15 Schneiderhéhn, Hans: Die jungeruptive Lagerstattenprovinz in Serbien, Sieben- 
biirgen, Ungarn und dem Banat. Centr. f. Min. Abt. A.: 404-406, 1928. 


16 Birg, G.: loc. cit. 
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formly, but to ditfering degrees, attacked by this type of 
alteration. 

Krusch,* working in the same region, noted that there was no 
propylitic zone corresponding to vein distribution, but extensive 
propylitization over a wide area. Krusch also pointed out that 
no propylite arising from dynamometamorphism is known, and 
known dynamometamorphic rocks differ from propylite. 

Kato,’* in reviewing the features of the epithermal deposits 
in Japan, noted that the alterations are commonly so widely 
developed that they must be explained as having been accom- 
plished by solutions derived from a more or less deep seated 
source, and permeated or diffused through the overlying rocks. 

Campbell,’ in discussing the alteration at Tonopah, noted that 
the earlier propylitic alteration was widespread, and antedated 
the actual ore deposition. 

Lindgren,” discussing propylitic veins, mentioned the wide- 
spread character of the alteration at Pachuca and Silver Cliff, 
Colo. 


ORIGIN OF PROPYLITIC ALTERATION. 


xamination of the literature shows that the explanations 
offered for the origin of propylitic, alteration have varied widely. 
In part these variations reflect the variation in nature of the 
process so named, in part, variations in opportunities for obser- 
vation. 

The various explanations have been well summarized by 
Burg.** Propylite was considered by von Richtofen, Doelter, 
and Weinschenk as an independent rock, while Becker, Szabo, 
KXKock, and von Inkey considered it as an alteration of andesite 
or dacite. Burg classified the explanations that have been of- 

17 Krusch, P.: loc. cit. 

18 Kato, T.: Some characteristic features of the ore deposits of Japan, related 


genetically to the late Tertiary volcanic activity. Jap. Jour. Geol. Geog., 6: 31-48, 
1928. 

19 Campbell, Ian: Some inter-relations between phases of alteration and types of 
rocks in the Tonopah mining district, Nevada. Bull. G. S. A., 44: 164, 1933. 

20 Lindgren, W.: loc. cit. 


21 Biirg, G.: op. cit., p. 161. 
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PROPYLITIZATION ON THE COMSTOCK LODE. 7 


fered for the origin of propylitic alteration as follows: (a), 
origin through post-volcanic activity (Szabo, Inkey, Rosenbusch, 
Becker—to whom might well be added Lindgren, Kato, and most 
American writers); (b), origin through dynamic action (Schu- 
macher); (c), origin through autohydration (Balfy, Niggli, 
Schneiderhohn, Biirg). 

Lazarevic ** considered the zeolitic propylitization to be due to 
carbon dioxide, the pyritic to hydrogen sulphide gas. He be- 
lieved propylitization to be due to post-volcanic action on normal 
rocks, although not an alteration proceeding from the veins. 

Kato ** thinks that propylitization represents the first stage of 
hydrothermal mineralization or the first stage of the post-voleanic 
process. 

Biirg** attributes the formation of the “ griinsteinartige An- 
desitfacies ’ to autohydration. Hydrogen sulphide could not 
have been important, judging from the small quantity of pyrite 
formed. The alteration of the ferromagnesian minerals to 
chlorite in rocks, the feldspars of which remain fresh, indicates, 
according to Burg, the agency of water vapor rather than carbon 
dioxide. A relatively early period of alteration is indicated by 
the presence of inclusions of chloritized pyroxenes in fresh bi- 
otite. He thought that the “ greenstone-like andesite facies of 
the pyroxene-amphibole andesite must be considered as an auto- 
metamorphism during the cooling of the rock.” The temperature 
conditions of alteration are about the same as the existence region 
of hornblende, namely, 500 to 1000° C. Pressure is the essential 
factor, the autohydration begins at the point where the water-free 
silicates are no longer stable in the water-rich magma. The dif- 
ference between andesite showing this alteration and that which 
does not is due entirely to the conditions of consolidation. At 
lower temperatures, feldspars begin to be altered. This is 
characteristic zeolitic propylitization. 

22 Lazarevic, M.: op. cit., p. 350. 

23 Kato, T.: Mineralization sequence in the formation of the gold-silver veins of 
the Toi Mine, Idzu Province. Jap. Jour. Geol. Geog., 9: 73-74, 1931. 


24 Burg, G.: op. cit., p. 173. 
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Krusch *° inclines to the Stelzner-Bergeat explanation of pro- 
pylitization as due to the extensive penetration and soaking by 
gases of a magma not yet entirely solidified. This differs from 
the usual explanation only in the point of the time when the action 
took place. At Brad, according to Krusch, the great gas-richness 
of the magma caused such soaking to begin immediately after 
the solidification of the magma and to continue after the forma- 
tion of fissures and their filling. 

Schuneiderhdhn * also considered propylitization as a sort of 
autohydration, beginning either directly after the solidification 
or in part before the solidification of. the rocks. It is due to 
the volatile constituents of the rocks, which were set free by 
crystallization, and is thus analogous to many chloritic green- 
stone formations in diabase, to serpentinization of olivine rocks, 
much epidotization, and others. 

It may thus be seen that, although in many localities propy- 
litization is directly related to metalliferous lodes, in others it ap- 
pears to be more widely distributed. In places it is related to 
surfaces of flows or contacts of intrusives, or to widespread 
fracture systems. Most American authors have considered pro- 
pylitization to be due to hydrothermal alteration by vein-forming 
solutions; [European authors have described as propylitization 
similar types of alteration, some of which appear to be due to 
autohydrothermal or deuteric action, possibly also to dynamo- 
metamorphism, as well as to post-volcanic processes in the widest 


sense. 
ALTERATION IN THE COMSTOCK DISTRICT. 
Outline of Geology. 


An understanding of the nature of the alteration along the 
Comstock Lode presupposes an acquaintance with the distribu- 
tion and relations of the chief rocks concerned. The two prin- 
cipal rock bodies involved are the Alta andesite, a series of 
pyroxene and hornblende andesite flows and breccias more than 
2000 feet thick, with interbedded rhyolitic tuff, and the Davidson 


25 Krusch, P.: op. cit., p. 7 


7: 


26 Schneiderhohn, Hans: op. cit., pp. 404-406. 
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PROPYLITIZATION ON THE COMSTOCK LODE. 9 


diorite stock, intrusive into the volcanics and pyroclastics. These 
rocks are cut by the Comstock fault, striking roughly north- 
northwest in this area, and dipping about 35° eastward. The 
throw of the fault movement was about 2400 feet before min- 
eralization, and about 1600 feet subsequently. No diorite is 
exposed in the eastern, or hanging-wall, block, at levels reached 
by accessible workings, although porphyritic rocks, possible off- 
shoots of it, are present. The contact of the diorite stock flares 
outward irregularly with depth, so that the footwall of the fault, 
over the most productive portion of its length, is diorite. The 
Sutro Tunnel and its laterals permit access to the hanging-wall 
block at an elevation of about 4500 feet above sea level. The 
elevation of the surface on the hanging-wall block ranges from 
about 5500 to 6100 feet above sea level, over most of the area; 
that of the footwall from 6000 to 7900 feet. 

The Alta andesite series has a variable attitude. In the hang- 
ing-wall block it dips generally westward, as shown by the obscure 
flow-banding and the attitude of the interbedded pyroclastics, at 
angles ranging from 15 to 50°. In the footwall, dips are more 
irregular, but are generally steeper, and reversals of dip may be 
observed. 

Character of the Alta Andesite—The Alta andesite is a series 
of andesitic flows and intercalated andesitic breccias. Both matrix 
and fragments of the breccias are chiefly andesitic, although acci- 
dental fragments are present. Where fresh, the breccias and 
flows may be readily distinguished; a relatively slight degree of 
alteration renders the distinction very difficult. Since the nature 
and distribution of the alteration are more readily studied in the 
flows than in the breccias, the alteration of the flows will be 
considered exclusively in the following discussion. 

Megascopically, the flows display certain differences. The 
lower flows seem to be generally gray to black in color, with large 
to medium-sized prismatic crystals of dark hornblende. The 
higher flows appear to have a less crystalline groundmass, a larger 
proportion of plagioclase phenocrysts, slightly smaller hornblende 
crystals, and more plentiful magnetite. 











fe) ROBERT COATS. 
Petrography of the Alta Andesite. 


Under the microscope, it may be seen that the texture of the 
flows is actually seriate, rather than strictly porphyritic, all sizes 
of crystals being present, from the largest down to the microlites 
of the groundmass. 

In the freshest specimens the plagioclase phenocrysts, com- 
monly up to two or three millimeters in size, make up as much 
as 30 per cent of the rock. In composition they vary from Anjo 
to Ang. The ferromagnesian minerals are hypersthene, diop- 
sidic augite, and hornblende ; pigeonite is rare. The presence of 
hypersthene was difficult to establish in most sections, since it 
is almost never found fresh in these rocks. Nearly every section, 
however, shows bastite pseudomorphs, commonly with the simple 
prismatic form that seems to characterize the rhombic pyroxene. 
All ferromagnesian minerals range in quantity from one to five 
per cent, rarely slightly more. The augite is commonly in ir- 
regular prisms and rounded grains, seldom larger than 1 mm. 
Where fresh it is commonly clear, non-pleochroic, or only slightly 
so in greenish tones. It shows an extinction angle of about 45 
on (010), a double refraction of about 0.30, and a slight inclined 


and rhombic dispersion, indicating the diopsidic character. The 
axial angle is about 60°. The hornblende is typically a variety 
pleochroic in greenish-brown and yellow-green tones. The ex- 
tinction angle on the clinopinacoid varies from 13° to 15°. A 
typical pleochroism formula is: X = pale yellow, Y = olive 


green, Z = greenish brown. The hornblende commonly occurs 
in prisms up to 3 or 4 mm. in length. It shows the dark resorp- 
tion border, typical of extrusives, of magnetite granules, in which 
may sometimes be detected grains of augite. 

The chief accessories are apatite, magnetite, and rare zircon. 
The apatite is characteristically, pseudo-dichroic, the E direction 
being dark brown, the O direction gray, due to the presence of 
oriented inclusions in the apatite. 

The groundmass of the fresh andesite has a texture ranging 
from hyalopilitic to pilotaxitic. The glassy mesostasis has 


generally crystallized to irregular areas of quartz, with patchy 
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extinction. It encloses microlites of plagioclase varying in com- 
position from oligoclase andesine to basic andesine, with granules 
of augite and of magnetite. 


Types of Alteration. 


Deuteric—The most widely distributed type of alteration in 
the Alta andesite is the conversion of the rhombic pyroxene to 
pale green pseudomorphs of bastite. So universal is this phe- 
nomenon that the existence of rhombic pyroxene in these rocks 
might be considered doubtful. The evidence for it includes: The 
simple outline of the pseudomorphs, as contrasted with the stub- 
bier prisms, showing more numerous forms, of the augite; the 
lack of aluminous or calcareous minerals with or in the bastite; 
the occasional occurrence of these pseudomorphs with jackets of 
fresh augite, resembling the common type of augite jacket on a 
hypersthene core. ‘This conversion of rhombic pyroxene to bas- 
tite is found in rocks that otherwise show no trace of alteration. 
It is not confined geographically or tectonically in its occurrence, 
nor does it show any relationship to cooling boundaries, as far 
as could be observed. 

This type of alteration is interpreted by the author as being 
approximately equivalent to the autohydration of some European 
authors. 

Propylitic—The most widespread type of secondary alteration 
is shown by the rocks that were originally described as propylites. 
They are well exposed in the footwall block, particularly to the 
north and south of the outcrop of diorite and the zone of thermal 
metamorphism surrounding it. Megascopically, the first effect 
of this type of alteration is the emphasizing of the feldspar pheno- 
crysts, by rendering them less translucent. The rock loses its 
dark gray or bluish gray color and becomes greenish gray. Fur- 
ther alteration reduces the entire rock to a dull greenish mass, the 
ferromagnesians and feldspars being both completely altered. 
The conchoidal fracture possessed by the fresh rock is lost; the 
rock acquires a fracture like that of under-burned brick. 

The propylitic alteration is characterized microscopically by 
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the presence of epidote, chlorite, and albite. It has resulted, 
where mild, in the partial replacement of labradorite by veinlets 
of albite, flakes of sericite, calcite, and granules of epidote. The 
hornblende has been converted to calcite, chlorite, and magnetite. 
The color of the bastite replacing the rhombic pyroxene has 
changed from yellowish green to bluish green. The groundmass, 
once an allotriomorphic aggregate of pyroxene and plagioclase, 
has been largely replaced by chlorite and albite, calcite, and some 
quartz. Alteration of this intensity is not sufficient to destroy 
the dark color and relatively fresh appearance of the rock. 

Specimens that have acquired the dull green color of the 
typically propylitized rocks show feldspars completely altered to 
epidote, clinozoisite, and albite. In the areas once occupied by 
ferromagnesian minerals, the chlorite and calcite appear to have 
been replaced in part by epidote, which has derived part of its 
iron from some of the magnetite. The plagioclase of the ground- 
mass is completely albitized and epidotized, with retention of 
the form and albite twinning. There is developed a considerable 
amount of secondary quartz in clear grains, scattered through the 
groundmass; also coarser epidote, with which are associated clear 
secondary quartz and albite. 

Specimens taken from the Sutre Tunnel level, near the Com- 
stock Lode, differ from those taken on the surface in the footwall, 
and described above, chiefly in that the. epidote does not appear 
to be developed in as large or as clear grains in the former. ‘The 
minerals present are similar. 

More remote from the footwall, the alteration is similar in 
type, but less intense. In nearly every rock in which the feldspar 
is at all altered the ferromagnesian minerals are as highly altered, 
but feldspars may be quite fresh in sections in which ferromag- 
nesian minerals are converted completely to chlorite, calcite, and 
quartz. 

As seen in surface exposures, the propylitization is much better 
developed on the footwall side of the Comstock Lode than on 
the hanging wall. One reason for this is that the hanging wall 
was more intensely fractured before mineralization and has suf- 


fered more widespread alteration of the types associated with 
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mineralization and therefore a more intense attack by supergene 
alteration. This latter has created near the lode, especially on 
the hanging wall side, a wide belt of bleached and stained rock 
that separates the intensely propylitized rocks of the footwall 
from the nearest recognizable outcrops of andesite in the hanging 
wall, which have suffered relatively slight propylitization. In 
addition to this effect, the considerable movement on the Com- 
stock fault has brought to light rocks on the footwall side that 
were more deeply buried at the time of alteration than those on 
the hanging wall side, now at the same level. These differences 
between foot- and hanging-wall rocks, together with the relative 
scarcity of mine workings in the footwall, are responsible for the 
observation of Lindgren ** that epidote is more common on the 
surface than underground. 

The propylitization does not appear to bear any relationship 
to cooling surfaces or flow tops or bottoms. In many places in 
the footwall it may be observed to increase in intensity in the 
vicinity of systems of steeply dipping fractures. These fracture 
zones are more or less parallel with the main axis of the Washoe 
or Virginis Range; the fractures are irregular in strike and dip 
when examined in detail, are spaced two or three inches, or less, 
apart, show slight separation of the walls, and no movement of 
one wall relative to another, since there is no slickensiding of 
walls. Some show small veinlets of quartz, free from metallic 
minerals, and of hematitic jasperoid-like material, apparently 
fine-grained quartz and hematite. They show no relationship 
to known faults, or to zones of bleaching, silicification and iron- 
staining. In detail, the alteration shows no relationship to the 
contact zone of the Davidson diorite; in general, the degree of 
intensity of alteration declines with distance from the intrusive ; 
some highly altered areas are remote from known outcrops of 
the intrusive. The diorite and the thermally metamorphosed 
andesites and tuffs of the contact zone have, however, been pro- 
pylitized to some extent. 

The origin of the propylitic alteration will be discussed in more 
detail on a following page. 


27 Lindgren, W.: op. cil., pp. 578-602. 
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Zeolitic—Another type of alteration, less widespread in its 
distribution, which is seemingly controlled by mineralized frac- 
tures, may be a late phase of the propylitization, although the 
spatial distribution suggests that it is related to solutions that 
followed different channels. Because the alteration of this type 
is in many places superimposed on the propylitic rock, it is 
difficult to find specimens that show zeolitic alteration without 
propylitic. 

The chief characteristic of this type appears to be the develop- 
ment of albite, with more or less zeolite, which is sometimes 
identifiable as natrolite, in the plagioclase phenocrysts. Locally, 
as at the top of South Twin Peak, near the Lode, the plagioclase 
may be altered to calcite, albite, and natrolite, without any per- 
ceptible alteration of hornblende and clinopyroxene. The selec- 
tive effect of this type of alteration on the feldspars rather than 
the ferromagnesian minerals helps to distinguish it from the 
propylitic. Where it attacks rock that has been previously 
propylitized the only sign of its presence might be the occurrence 
of natrolite. The distribution of pyrite appears to be more 
limited areally than that of zeolites, but otherwise seems to be re- 
lated to this type of mineralization. Surface specimens rich 
in pyrite are not found, because of the thorough-going destruction 
of the rock minerals by the sulphuric acid released by the oxida- 
tion of the pyrite. 

Other Types of Hydrothermal Alteration Some specimens 
of andesite from underground workings in the neighborhood of 
the Lode show replacement of the groundmass by poikiloblastic 
plates of gypsum enclosing remnants of anhydrite, evidently 
the original metasome. 

In the immediate vicinity of the veins, the country rock has 
undergone a thorough-going silicification and sericitization. 

There are thus present on the Comstock three types of altera- 
tion, rather similar in character. The earliest, or deuteric, type, 
is characterized by the conversion of orthopyroxene to bastite. 
The generally crystalline character of the groundmass may also be 


an effect of this. The most widespread type, propylitization, is 
characterized by the development of chlorite, epidote, albite, and 
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calcite, the ferromagnesians being more easily altered than the 
feldspars. The third type, zeolitization, is characterized by the 
development of natrolite in plagioclase, with albite and calcite, 


and by alteration of feldspar before the ferromagnesian minerals. 


ORIGIN OF PROPYLITIC ALTERATION. 

For various reasons, none of the three explanations most com- 
monly offered for propylitic alteration seems applicable here. 

Schumacher’s suggestion that propylitization could be due to 
dynamic metamorphism is hardly applicable, since the most 
thoroughly propylitized rocks show no effect of stress, no crush- 
ing or granulation, no nortar structure or strain shadows. 

There is little evidence to suggest that propylitization on the 
Comstock could be due to autohydration, because of the lack of 
relationship to original igneous structures, and because of its 
definite relationship to later fractures. 

The widespread character of the propylitic alteration, and lack 
of spatial relationship to the vein fractures suggest that it was 
not due to vein-forming solutions. The lack of pyrite in highly 
propylitized rocks contrasts with the usual type of hydrothermal 
alteration in the vicinity of epithermal veins. The coarseness of 
the epidote in typical propylitized rock, as compared with the wall 
rock of the veins, and the development of albite from feldspar, 
both suggest solutions at rather higher temperatures than those 
usual in epithermal ore deposition. Taken together, the observa- 
tions suggest to the writer that propylitization on the Comstock 
was due to hydrothermal alteration independent of, and probably 
antecedent to, the ore deposition on the Comstock Lode. The 
areal distribution of the propylitization on the Comstock suggests 
that the source of the solutions should be sought in a body of 
cooling igneous rock beneath the footwall block. This may have 
been a deeper portion of the Davidson intrusive. The writer 
does not believe it could be properly attributed to the now exposed 
portions of the Davidson stock, because of the alteration that these 
show. The conclusion of Calkins ** is rather similar to this, as 

28 Calkins, F. C.: Igneous activity in the Comstock district, Nevada. Trans. Am. 


Geophys. Union., p. 262, 1938. 
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he attributes the alteration to hydrothermal metamorphism by the 
Davidson diorite. 


CONCLUSION. 


It has been shown that the term propylitization has been ex- 
tended to cover a variety of different types of alteration, and 
that these types of alteration have been produced in several dif- 
ferent ways. By no means all propylitic alteration is to be at- 
tributed to hydrothermal alteration by vein-forming solutions. 
The writer believes that the term should be applied to rocks essen- 
tially resembling the original propylites, which are altered andesite, 
containing epidote, comparable in size with the feldspars, and 
albite, replacing plagioclase; and secondary chlorite, calcite, and 
epidote, replacing ferromagnesian minerals. The occurrence of 


pyrite is not necessary to the definition of propylite. The some-° 


what similar, less intensely altered basic or intermediate volcanics 
commonly found in association with epithermal ore deposits might 
well be termed epi-propylites. 
UR Sa Caeche 
WasHincrTon, D. C. 


July 6, 1939. 
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THE GEOCHEMISTRY OF QUICKSILVER 
MINERALIZATION. 


ROBERT M. DREYER. 


ABSTRACT. 


The first portion of the paper presents a geochemical investi- 
gation of the chemical and physical factors resulting in the 
formation of a typical quicksilver ore—containing cinnabar and 
possibly native mercury and metacinnabar—and the relation of 
the common mercury and gangue minerals to the mineralizing 
solutions. The second portion of the paper presents a petro- 
graphic investigation of (a) the relation of cinnabar deposition 
to characteristic types of wall rock alteration, (b) the relation 
of iron disulphide to mercuric sulphide mineralization, and (c) 
the mode of access of the mineralizing solutions into the country 
rocks. The common, marked syngenesis of cinnabai with silica 
is emphasized. 


PART I—INTRODUCTION. 

Purpose of Investigation. 
THE investigation of the geochemistry of quicksilver mineraliza- 
tion was undertaken with the hope that it would be possible to 
ascertain the chemical character and behavior of the mineralizing 
solutions responsible for the deposition of mercury-bearing ores. 
The geological occurrence and mineralogical associations of quick- 
silver ores suggest deposition under surface or near surface 
conditions where temperatures and pressures approach those 
conveniently obtainable in the laboratory. Moreover, the min- 
eralogy of quicksilver deposits is markedly simple and uniform 
in contrast to the complexity and variability of many other types 
of ore deposits. These facts made it appear practical to attempt 
to ascertain the factors involved in the geochemistry of quicksilver 
mineralization. 

The investigation was pursued along two lines. The first line 
of investigation consisted of a study of the chemical aspects of 
quicksilver mineralization with especial emphasis on the sig- 
nificance of such chemical data in relation to the occurrence and 
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genesis of quicksilver ores. Much of the chemical literature has 
been overlooked in previous geological investigations and few of 
the investigations have correlated chemical and geological aspects 
of the genesis of quicksilver deposits. There are likewise dis- 
crepancies in the available data and an attempt has been made to 
ascertain experimentally the veracity of the data and the validity 
of the conclusions derived therefrom. A number of chemical 
experiments have been performed on the chemical aspects of 
certain significant geologic problems. The second part of the 
problem is a general petrographic study of typical quicksilver 
ores in an attempt to correlate chemical and petrographic data on 
certain significant petrographic problems. 
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acknowledge the generous advice and assistance of Professor Ian 
Campbell and other members of the staff of the Division of the 
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writer likewise acknowledges the assistance of Professor J. H. 
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During the course of this investigation the writer has had oc- 
casion to visit the following quicksilver mines : 

California: 
Inyo County 


Coso Hot Springs—three miles southwest of the Coso Hot 
Springs Resort 
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Kern County 
Cuddeback—one half mile north of the Tehachapi Loop 
San Luis Obispo County 
Klau—sixteen miles west of Paso Robles 
Oceanic—five miles southeast of the Klau 
San Benito County 
New Idria—forty miles south by west of Mendota 
Aurora—five miles southeast of New Idria 
Contra Costa County 
Mount Diablo—five miles east of Clayton 
Napa County 
Aetna—nine miles northeast of Calistoga 
Oat Hill—two miles northwest of Aetna 
Sonoma County 
Cloverdale—twelve miles east of the town of Cloverdale 
Lake County 
Great Western—four miles southwest of Middletown 
Bradford—two miles southeast of Great Western 
Sulphur Bank—five miles north of the town of Lower Lake 








Oregon 
Lane County 
Black Butte 
Douglas County 
Bonanza—six miles east of Sutherlin 
Jackson County 
War Eagle—twenty-six miles north of Medford 
Jefferson County 
Horse Heaven—forty miles east of Ashwood 





fifteen miles south of Cottage: Grove 





Nevada 
Pershing County 
Goldbanks—forty miles south of Winnemucca 

During the collecting trips, the finest type of cooperation was 
shown by the operators and superintendents, at most of these 
mines. This assistance is gratefully acknowledged and it is hoped 
that some of the data here assembled will prove to be of practical 
value in solving problems in the mining and treatment of quick- 


silver ores. 


GEOLOGICAL CHARACTERISTICS AND ENVIRONMENT OF 
QUICKSILVER MINERALIZATION. 
Mineralogy of Quicksilver Deposits. 

Of the twenty-odd known mercury-bearing minerals all but 
three are rare. Most quicksilver deposits have as their prin- 
cipal sulphide cinnabar. Many have small amounts of native 
mercury. Some few deposits have local concentrations of meta- 
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cinnabar. The remainder of the minerals are characteristic of 
certain unusual occurrences. 

Marcasite and pyrite are commonly associated with cinnabar. 
Some of the California deposits contain small amounts of mil- 
lerite (NiS) and local concentrations of hydrocarbons. _ Silifica- 
tion is the predominant type of wall rock alteration. Carbonati- 
zation is not uncommon and, in a few deposits like Sulphur Bank, 
native sulphur is associated with the ore. The simple, common, 
uniform association of cinnabar, pyrite, marcasite, and silica is 
characteristic of many cinnabar deposits in the western United 
States. It is this simplicity of mineralization that permits the 
study of quicksilver geochemistry under controlled conditions 
that cannot be simulated in types of deposits where the presence 
of a number of complex sulphides renders necessary the considera- 
tion of the effect of a number of metallic ions in solution at the 
same time. 


Geological Environment of Quicksilver Mineralization. 

Although the mineralogy of quicksilver deposits is both uni- 
form and simple, the geological environment of deposition is 
highly varied. However, a number of the deposits occur in the 
same type of rock, namely, chaleedonized: serpentine, an asso- 
ciation so common that the silicified serpentine has long been 
given the name “ quicksilver rock” in the northern California 
districts where this association is most characteristic. Since, in 
the early days, many more deposits were mined in serpentine than 
is now the case, the erroneous impression has been created that 
cinnabar deposits in the California Coast Ranges are confined to 
serpentine. Such is certainly not the case. At the Klau mine 
the wall rock is shale. Nearby at the Oceanic the cinnabar is 
disseminated through sandstone as is also a part of the ore at New 
Idria and Oat Hill. <A large part of the ore at New Idria is in 
slate. At the Cuddeback mine and at the Coso Hot Spring de- 
posit, the cinnabar is disseminated through kaolinized intrusives. 


At Sulphur Bank, the ore occurs in basalt and lacustrine gravels. 
The Aurora, Aetna, Bradford, Great Western, and Mount 
Diablo mines are confined to serpentine. In Oregon, the Black 
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Butte and Horse Heaven mines occur in voleanics. The Bonanza 
is in sandstone and the War Eagle is in coal. The fact that a 
number of the deposits occur in different rock types and that 
several are confined to serpentine makes it possible to study the 
effect on mineralizing solutions of both similarities and differences 
in the country rock. 

The structure of California quicksilver deposits has not been 


+ monumental work was com- 


studied in detail since Becker’s 
pleted. Since 1888, many of the mines that Becker mapped have 
closed down and those that are still operating have long since 
exhausted the portions of the properties that were mapped for 
Monograph 13. Therefore, only the broadest features of the 
structural geology presented in Monograph 13 are of significance 
today. This situation is unfortunate since it has rendered it im- 
possible to correlate the petrographic work accompanying this 
investigation with the detailed geologic structure of each district. 
Nevertheless, it is possible to fulfill the purpose of this investiga- 
tion by correlating petrographic and geochemical data. It 1s, 
of course, obvious, moreover, that a geochemical study of min- 
eralization presents only one aspect of the problem of quick 
silver concentration since the structural control is of equal im- 
portance in determining the course of mineralization. 

Of significance, however, in the light of geochemical data 
to be presented, is the hypothesis formulated by Schuette * con- 
cerning structural control of quicksilver mineralization. After 
a study of the published reports on most of the important quick- 
silver deposits of the world—a study supplemented by long ex- 
perience and personal observation—Schuette has advanced the 
theory that the large, high-grade quicksilver deposits are those 
that have been deposited against some type of geologic trap and 
that, where no such trap is present, the deposits are mostly small 
and ephemeral in character. Such a hypothesis applies, to a cer- 
tain extent, to any hydrothermally formed ore deposit; but, as 

1 Becker, G. F.: Quicksilver deposits of the Pacific slope. U. S. Geol. Surv., 
Mon. 13, 1888. 

2 Schuette, C. N.: Occurrence of quicksilver orebodies. Trans. A. I. M. E., pp. 


403-88, 1931. 
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will be noted, it is of particular significance in quicksilver min- 
eralization. 


Physical Environment of Quicksilver Mineralization. 


No geologically significant study of mineralization can be 
pursued under ordinary laboratory conditions without making the 
assumption that the natural processes of mineralization occur in 
a physical environment that can be simulated closely in the lab- 
oratory. ‘The entire validity of the interpretation of experimental 
work on any type of mineralization is dependent on the validity 
of the assumptions that are made concerning physical conditions 
under which mineralization occurs. In reference to quicksilver 
mineralization, there is an abundance of evidence that by far the 
greater number of deposits are formed by hydrothermal solutions 
at temperatures varying between 100 and 150° C. and at pressures 
approaching atmospheric. Such physical conditions can be 
simulated easily in the laboratory. Following is the evidence sug- 
gesting shallow deposition by hydrothermal solutions in a physical 
environment similar to that obtainable under surface conditions : 


(1) Mercuric sulphides can be formed easily in the laboratory 
at atmospheric pressures and at temperatures below the boiling 
point of water. 

(2) Small amounts of native mercury occur in many quick- 
silver deposits. At room temperature, mercury has a small, but 
perceptible vapor pressure. At 260° C., the vapor pressure is 
100 mm. and, at 357°, the volatilization point (760 mm.) is 
reached. Thus, without evidence of containing pressures (and, 
at most quicksilver deposits, the rocks are markedly porous and 
fractured), native mercury would not be stable at high tem- 
peratures. 

(3) Cinnabar occurs in the sinter of active hot springs as at 
Steamboat Springs * and at the Great Geyser of Iceland.* 

(4) Cinnabar occurs in the sinter of springs or in the tubes of 
geysers no longer active as, for example, (a) the occurrence of 


8 Becker, G. F.: op. cit., pp. 25-6. 


4 Ibid., p. 344. 
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cinnabar in the old sinter at Steamboat Springs °; (b) the occur- 
rence, in the Goldbanks district, Nevada, of a commercially pro- 
ductive cinnabar deposit that was formed syngenetically with a 
silica apron deposited by the thermal springs °; and (c) the occur- 
rence of a quicksilver deposit in old geyser tubes at Huitzuco, 
Guerrero, Mexico.‘ 

(5) Quicksilver deposits are commonly associated with areas 
of recent volcanism and active thermal springs. The presence 
of thermal springs at or in close proximity to quicksilver deposits 
in the California Coast Ranges is a common rather than an un- 
common feature. For example, hot springs flow at Sulphur 
Bank. <A short distance from the Cloverdale mine and from a 
number of adjacent, smaller quicksilver deposits is a group of 
silica-bearing hot springs incorrectly known as “ The Geysers.” 
The entire northern California district is an area where large 
flows of basalt have only recently been extruded and, through- 
out the area, thermal springs are extremely common. Near the 
Coso Hot Springs deposit are a series of active thermal springs 
and the deposit itself is the site of fumarolic activity. Six miles 
north of the Goldbanks deposit is a group of hot springs that 
have deposited a siliceous sinter strikingly similar to that with 
which the cinnabar deposits are associated. A great many other 
examples could be cited. 

(6) The near-surface ephemeral character of most quick- 
silver deposits suggests near-surface deposition. There are, of 
course, several notable exceptions to this generalization probably 
representing deposits where uniform physical and chemical con- 
ditions prevailed over a wide vertical range, but by far the greater 
number of quicksilver deposits are not only confined to a range of 
within one or two hundred feet from the surface, but are ex- 
hausted after only a relatively small production. 

(7) Chalcedonization, common in quicksilver deposits, is gen- 
erally associated with low temperature types of mineralization. 

5 Ibid., p. 350. 

6 Dreyer, R. M.: Geology of the Goldbanks mining district, Pershing Co., Nev. 
U. S. Geol. Surv., unpublished mss. 

7 Vaupell, C. W.: Mercury deposits of Huitzuco Guerrero, Mexico. A. I. M. E., 
Tech. Pap. 842, 1937. 














24 ROBERT M. DREYER. 


(8) The common presence, in quicksilver deposits, of open, 
generally crustified veins is another indication of low temperatures 
and pressures. 


In direct contrast to all of the evidence indicating deposition 
under low temperatures and pressures is the absence of any 
evidence that would make it necessary to postulate either high 
temperatures or high pressures.. Although no single line of evi- 
dence presented above is sufficient in itself to prove low tem- 
perature, low pressure, near surface deposition, the cumulative 
value of all lines of evidence makes it appear valid to assume that 
physical conditions that are readily obtainable in the laboratory 
simulate closely the natural environment of quicksilver min- 
eralization. 


CHEMICAL STUDIES OF QUICKSILVER MINERALIZATION. 
Introduction. 


It has been mentioned that, on account of the extreme sim- 
plicity of quicksilver mineralization, the study of quicksilver 
geochemistry involves essentially a study of mercuric sulphide and 
of the relation of mercuric sulphide to the few minerals with 
which it is commonly associated. 

Because of the early desire to produce a satisfactory vermilion 
pigment, the preparation of mercuric sulphide has been studied 
since the dawn of alchemy and the various formulas for the 
preparation of vermilion were highly prized by the early al- 
chemists. Most of the papers on the subject are, unfortunately, 
very old and many were published before the development of 
modern chemical theories so that they involve little more than a 
description of isolated experiments and preparations without fur- 
nishing any real information as to the chemical principles under- 
lying the results obtained. Of 104 papers on the chemistry of 
mercuric sulphide listed by Mellor,* 84 were published before 
1899, 16 between 1899 and 1909, and 4 since 1909. It has been 
over twenty years since any work has been published on quick- 

8 Mellor, J. W.: A comprehensive treatise on inorganic and theoretical chemistry, 
4: 957-61, 1923. 
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silver geochemistry. Fortunately, however, there are several 
papers which, taken together, furnish a good basis for further 
investigations of the geochemistry of mercuric sulphide. 


Solution of Mercuric Sulphide. 

The mode of preparation and the chemical properties of mer- 
curic sulphide have been studied for many centuries. It was 
learned at an early date that, whereas the black sulphide can be 
prepared by the reaction of an acid solution of any mercuric salt 
with hydrogen sulphide or even by the trituration of mercury with 
sulphur, the formation of the red sulphide can occur only under 
very definite chemical conditions. The production of the normal 
red mercuric sulphide (cinnabar) can be resolved into two gen- 
eral processes—the wet and the dry preparations. The dry 
preparation has long been used for the commercial production 
of vermilion since it involves the use of no material other than the 
two integral components of mercuric sulphide. Mercury and 
sulphur are triturated together and gently heated to form the 
black sulphide. The black sulphide is then subiimed in the ab- 
sence of air and vermilion is condensed. In the presence of air, 
the sulphur is oxidized to sulphur dioxide and the mercury is 
reduced to the elemental state. This latter procedure is used in 
the recovery of mercury from its ores. The wet process de- 
pends on the solubility of mercuric sulphide in alkaline solutions 
of the alkaline sulphides. When these solutions are concentrated, 
the mercuric sulphide is precipitated. 

S. B. Christy ° was the first scientist to correlate the wet process 
of chemical preparation with the natural deposition of, cinnabar 
Christy was much impressed by the widespread hydrothermal 
alteration (intense silicification and carbonatization—non-sub- 
limation type), the deposition of bitumens, associated with the 
California quicksilver deposits, and the composition of the thermal 
spring waters, and concluded that the deposits must be formed 
by hydrothermal deposition from the same type of solutions from 
which red mercuric sulphide can be precipitated in the laboratory 

9 Christy, S. B.: On the genesis of quicksilver deposits. Am. Jour. Sci., 3rd ser., 
17: 453-63, 1879. 
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—namely alkaline sulphide solutions. Such solutions would also 
be capable of dissolving silica. This hypothesis was a marked 
departure from the early concept that natural cinnabar was formed 
by the condensation of a sublimate and Christy found it neces- 
sary to state several specific reasons why the sublimation hypo- 
thesis seemed impossible. Christy's work was ingenious, but 
it lacked detailed chemical and geological investigations to sup- 
port the hypotheses advanced. It remained for Becker,’® several 
years later, to show that Christy’s hypothesis was not only ade- 
quate, but is the only one by which quicksilver mineralization can 
be explained. 

After mapping many quicksilver deposits, Becker realized that 
any theory explaining quicksilver mineralization must likewise 
explain other associated features. Like Christy, Becker noted 
the marked hydrothermal alteration and also the association oi 
quicksilver deposits with areas of recent volcanism and thermal 
activity and quickly realized that such an association must indi- 
cate hydrothermal mineralization. Since the only type of solu- 
tion from which cinnabar can be precipitated is an alkaline sul- 
phide solution, Becker sought to ascertain if mineralization by 
such solutions could explain not only the occurrence of cinnabar, 
but also the occurrence of other sylphides and wall rock alteration 
products characteristic of quicksilver deposits. 

Becker determined experimentally that the sulphides of mer- 
cury (which would be the compound of mercury formed from 
any mercury salt in a sulphide solution) as well as the trisul- 
phides of arsenic and antimony are readily soluble in alkaline 
sulphide solutions (B, 423-4, 434). Becker likewise stated that 
pyrite is soluble in sodium sulphide solutions; that the solubility 
increases with an increase in temperature; and that marcasite is 
more readily soluble than pyrite (B, 432-3). Foreman," how- 
ever, has made a detailed study of the solubility of iron disul- 
phide in sodium sulphide solutions and has found that pyrite is 

10 Becker, G. F.: op. cit. Page citations to this work in the ensuing geochemical 
discussion will be made as follows: (B, pp. —). 


11 Foreman, Fred: Hydrothermal experiments on solubility, hydrolysis and 


oxidation of iron and copper sulphides. Econ. GrEoL., 24: 811-37, 1920. 








insolt 


whicl 
silver 
the e 
depet 
cept | 
As W 
be all 
It m 
275) 
solul 
solul 
phid 
is st 
long 
acce 
solu 
Becl 
drat 
solu 
dro: 
chet 
the 
tior 
the 
was 
I 
in ; 
sulj 
equ 


be 1 


ple: 


Ret 








al 


id 








GEOCHEMISTRY OF QUICKSILVER MINERALIZATION. 27 


insoluble even in concentrated sodium sulphide solutions. Gold, 
which Becker reports in small amounts from several quick- 
silver mines, is likewise soluble in alkaline sulphide solutions to 
the extent of 1: 843 (B, 433). Since these solubilities probably 
depend on equilibria, Becker's quantitative determinations, ex- 
cept as showing an order of magnitude, are of little significance. 
As will be shown, such solutions as are under consideration ‘must 
be alkaline and silica is known to be soluble in alkaline solutions.” 
It might also be mentioned that germanium disulphide (M, 7, 
275) and stannic sulphide (M, 7, 472) are likewise readily 
soluble in alkaline sulphide solutions. Nickel sulphide is also 
soluble in alkaline sulphide solutions (M, 15, 441). Lead sul- 
phide is very slightly soluble (M, 7, 790-1) and silver sulphide 
is still more insoluble (M, 3, 445). Becker’s work was published 
long before the theories of ionic equilibria had received general 
acceptance and, hence, much of the chemistry of alkaline sulphide 
solutions that troubled him now seems quite clear. [For example, 
Becker did not understand the relation between sodium sulphy- 
drate (NaHS) and sodium sulphide (Na.S) in reference to the 
solubility of mercuric sulphide or the function of alkaline hy- 
droxide in increasing the solubility. A large portion of his geo- 
chemical discussion consists of unsuccessful attempts to explain 
the numerous contradictions that had arisen regarding the func- 
tion of these compounds. It was not until some years later that 
the solution of mercuric sulphide in alkaline sulphide solutions 
was explained in the light of ionic equilibria by Knox." 

Knox (K, 477) showed that the solubility of mercuric sulphide 
in alkaline sulphide solutions involves the formation of a soluble 
sulphide complex, R.HgS. (where R is an alkali metal). The 
equilibrium involved is then 

HgS + Na.S@ Na.HgS, 


12 Mellor, J. W.: op. cit., vol: 6, pp. 282-4. Hereafter references to Mellor will 
be written ‘ M ” followed by volume and page citations. 

13 Knox, Joseph: Zur Kenntnis der Ionenbildungen des Schwefels und der kom- 
plex Ionen des Quecksilbers. Zeit. fur Elektrochemie, Bd. 12, pp. 477-81, 1906 


References to this paper will be marked (K, p. —). 
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or, more generally, 
HgS + S= 2H 


The shifting of this equilibrium is caused by a variation in the 
concentration of sulphide ion in solution. When the equation 
is shifted to the right, mercuric sulphide is dissolved. When the 
equation is shifted to the left, mercuric’ sulphide is precipitated. 
The ionization of an alkaline sulphide such as sodium sulphide 
is given by the following reaction. 


Na.S + 2H.O s NaHS + NaOH + H.0= H.S + 2NaOH 


or, more generally, 
S~ + 2H,O @ HS~ + OH—+ H.O2H.S + 20H 


Since it is only the sulphide ion which combines with the mer- 
curic sulphide to produce the soluble sulphide complex, it is neces- 
sary to shift the equilibrium in such a way that the sulphide ion 
(S~) forms instead of the sulphydrate ion (HS~) or hydrogen 
sulphide (H.S). From the equation for the ionization equilibrium 
of an alkaline sulphide, it can be seen that the sulphide ion con- 
centration can be increased by increasing the alkalinity of the 
solution. In neutral and acid solution, however, the hydrolysis 
of the sodium sulphide is accelerated and the solution of mercuric 
sulphide is halted. The concentration of sulphide ion is thus 
determined by (a) the original concentration of alkaline sulphide 
and (b) the alkalinity of the solution. Table 1 (K, 477) shows 
the decrease in solubility of red and black mercuric sulphide with 


TABLE 1. 


RELATION OF SOLUBILITY OF HGS TO THE CONCENTRATION OF NaoS. 

















Conc. Na2S Red HgS diss. Ratio red | HgS black rm Ratio HgS black: 
Mole/liter. Mole/liter. HgS : Na2S. dissolved. = HgS red. 
2.030 | 1.144 0.5635 | — a —_ 
1.52 | 0.7832 0.5153 0.8561 | 1.09 
1.015 0.4423 0.4328 | 0.5002 1.13 
0.755 | 0.2878 0.3812 | 0.3330 1.16 
0.50 H 0.1500 | 0.3006 0.1805 1.20 
0.25 0.04544 0.1818 0.05622 1.24 
0.10 | 0.008241 | 0.0824 | 0.01085 1.32 
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a decreasing concentration of sodium sulphide in the absence of 
sodium hydroxide. This, of course, results from the increased 
hydrolysis of the alkaline sulphide on dilution and a corresponding 
decrease in sulphide ion concentration. The table also shows that 
the black sulphide is more soluble in dilute solutions and hence is 
the less stable form. 

Table 2 (K, 478) shows that the solubility of mercuric sul- 
phide in alkaline sulphide solutions decreases slightly with an 


TABLE 2. 
DECREASE IN SOLUBILITY OF HGS WITH AN INCREASE IN TEMPERATURE. 


Conc. NaeS Cinnabar dissolved (in mole/liter) at 
° 


Mole/liter 33 25 
0.755 0.2828 0.2872 
0.5 0.1405 0.1500 
0.25 0.04360 0.04544 
0.10 0.007887 0.00824 


increase in temperature. As Knox notes (K, 478-9), the factors 
that cause a decrease in solubility are the decrease in ionization 
of the sulphide complex and an increased hydrolysis of the so- 
dium sulphide with increased temperature. 

Table 3 (KK, 478) shows the effect of alkali hydroxide in in- 
creasing the solubility of mercuric sulphide by decreasing the 


TABLE 3. 


VARIATION IN SOLUBILITY OF HGS WITH AN INCREASE IN ALKALINITY. 








) 
| 
| HgS dissolved (in moles/liter) in NaeS with 

















Ratio ; 
Conc. NaeS | — HgS : NazS 
Mole/liter. | | | | in solution 
j | Pure | osN | 1.0N 4.48N | 4.67N | 7.7N | _ with 7.7N 
| NaS. | NaOH. | NaOH. | NaOH. | NaOH. NaOH. | NaOH added. 
1.015 | 0.4423 | — | 0.673 Weed Ges 0.9167 | 0.903 
0.755 | 0.2878 — | 0.485 — — | — | — 
0.50 | 0.1500 | 0.2483 | 0.302 0.435 | —_ | 0.4637 | 0.927 
0.25 | 0.4544 0.1106 0.148 | — | 0.225 | 0.2369 0.948 
0.10 


| 0.008241 | 0.0396 0.056 — 0.090 | 0.09634 | 0.963 





hydrolysis of the sulphide ion. However, a very strongly alka- 
line solution is needed before the hydrolysis is anywhere nearly 
completely halted. 

The significance of these features of ionic equilibria in the 
geochemistry of quicksilver mineralization has been completely 
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overlooked. l‘ollowing are some of the significant features to 
be noted : 


(1) Decreased temperature actually causes an increased solu- 
bility of the mercuric sulphide. 

(2) Any hydrogen sulphide solution that is made alkaline will 
have the ionization equilibrium displaced in such a manner that 
the hydrogen sulphide is largely dissociated. Thus, there will 
be an abundance of sulphide ions capable of entering into the 
soluble mercuric sulphide complex. 

(3) Alkaline solutions are capable of dissolving silica. Hence, 
the common occurrence of silicification around quicksilver de- 
posits is to be expected. 

(4) By the equilibrium equation for carbonic acid 


CO; + 2H.O = HCO;- + OH—+ H.0 @ H.CO; + 20H-, 


in any alkaline solution the equation must be shifted to the left 
so that an abundance of carbonate ions are formed. The fact 
that carbonate ions are present in solution means that alkaline 
earth ions (as calcium and magnesium) cannot exist in the same 
solution otherwise they would combine with the carbonate ions 
to form a precipitate of a mineral carbonate. The carbonatiza- 
tion associated with some quicksilver ores must thus have been 
accomplished at a time when the mineralizing solutions were 
slightly acid and must thus be distinct from the period of cinnabar 
deposition. 

(5) Except that they are somewhat more soluble, the trisul- 
phides of arsenic and antimony form sulphide complexes in the 
presence of an excess of sulphide ion. These complexes are ex- 
actly analogous to that of mercury. The common association of 
small amounts of arsenic and antimony with quicksilver ores is 
thus to be expected. 


Precipitation of Mercuric Sulphide. 


By the equilibrium equation 


HgS + S==2 HgS, 
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any factor that tends to decrease the sulphide ion concentration 
relative to the total concentration of mercuric sulphide or to in- 
crease the concentration of mercuric sulphide relative to the total 
sulphide ion concentration or relative to the total volume of 
solvent will cause some of the mercuric sulphide to be precipitated 
until the solution is again in equilibrium. The precipitate result- 
ing from such an adjustment to equilibrium is not, in all cases, 
the same. Therefore, it is desirable to examine each of the 
factors that may displace the equilibrium of any mineralizing 
solution and see which of these agencies can be responsible for 
the deposition of quicksilver ores. The factors which can pos- 
sibly cause a displacement of equilibrium in any mineralizing 
solutions are listed below : 


(1) Decrease of temperature as the mineralizing solutions 
approach either the surface or some other cool horizon. 

(2) Relief of pressure as a result of escape of gases at the 
surface or through fractures connecting with the surface. 

(3) Increase in acidity of solutions on reaching surficial 
oxidizing zones. 

(4) Dilution of solutions by ground water or by undersatur- 
ated juvenile waters. 

(5) Reaction of the mineralizing solutions with components 
of the wall rock that are not in equilibrium with the solutions. 

(6) Concentration of solutions as a result of a gradual 
evaporation of the solvent. 

Each of these factors which may tend to displace the equi- 
librium of the solutions will be examined separately in an attempt 
to ascertain which factors are competent to explain the precipita- 
tion of quicksilver ores in their usual form. 

A. Effect of a Decrease in Temperature-—The solubility of 
mercuric sulphide has been shown (Table 2) to increase slightly 
with a decrease in temperature. Assuming that the increased 
solubility bears a linear relationship to the increase shown in 
Table 2, the increased solubility corresponding to a decreased 
temperature is small. That the relationship is essentially linear 
is shown by the fact that a saturated alkaline mercuric sulphide 
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complex solution, when heated to boiling, precipitates only a very 
small portion of the contained cinnabar. It is important to note, 
however, that a decreasing temperature is not in itself an agency 
capable of precipitating cinnabar. In fact, some other precipitat- 
ing agency must overcome the slight increase in solubility caused 
by a decreasing temperature. This increase in solubility with 
decreasing temperature is more marked, however, than would be 
indicated by the figures in Table 2 since such a decreased tempera- 
ture will likewise decrease the rate of evaporation and thus 
decrease the effect of concentration by evaporation. 

Indirectly, however, there is one way in which a decrease in 
temperature can serve as a precipitant of cinnabar. Becker (B, 
260) noted the presence of ammonia in the thermal waters at 
Sulphur Bank as has also the writer. Becker determined em- 
pirically that, at normal temperatures, ammonium salts would 
cause the precipitation of mercuric sulphide from alkaline sul- 
phide solutions, but that, when the temperature was raised, the 
sulphide was re-dissolved (B, 269-70). By the principles of 
ionic equilibria, this reaction is easily explained. At low tem- 
peratures, ammonium ion combines with any excess of hydroxyl 
ion to form the weakly ionized ammonium hydroxides. The 
consequent removal of hydroxyl ions from solution permits the 
partial hydrolysis of the sulphide ion and hence causes a decreased 
solubility of mercuric sulphide. When the solution is heated, 
ammonia is volatilized. Ammonium ions are thus removed from 
the system and there is an increased hydroxyl ion concentration 
resulting in a decreased hydrolysis of the sulphide ion and a cor- 
respondingly increased solubility of mercuric sulphide. Con- 
versely, a decrease in temperature will cause a decrease in the 
solubility of mercuric sulphide in such ammoniacal solutions. 

How common ammonia is in quicksilver mineralizing solutions 
at the time of mineralization is not known. Suffice it to say that 
ammonia has been detected in the thermal springs flowing near 
quicksilver deposits at few localities besides Sulphur Bank. At 
any rate, except in the presence of ammonia, a decrease in tem- 
perature will increase rather than decrease the solubility of mer- 
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curic sulphide. A decreasing temperature is not, therefore, in 
itself a precipitating agency. 

B. Effect of a Decrease in Pressure-—The principal result of 
a decrease of pressure in alkaline sulphide solutions is to allow 
more of the liquid to enter the vapor phase. The rate of evapora- 
tion and concentration of the solution is thus accelerated. Con- 
centration of solution likewise increases the alkalinity and this 
increased alkalinity, to a certain extent, counteracts the decreased 
solubility resulting from loss of solvent. As the concentration 
becomes extreme, however, the effect of loss of solvent in de- 
creasing solubility far exceeds the effect of increased alkalinity 
in increasing solubility and, thus, mercuric sulphide is precipitated. 
When mineralizing solutions gain access to the surface, the de- 
crease in pressure may be sufficiently abrupt to cause the precipita- 
tion of large amounts of cinnabar. In solutions containing 
ammonia, the increased volatility of the ammonia resulting from 
decreased pressure will tend to counteract this concentration of 
solution resulting from an increased rate of evaporation since, as 
has been shown, an increased volatility of ammonia causes an 
increased solubility of mercuric sulphide. Judging by active 
thermal springs, probably the majority of quicksilver mineraliz- 
ing solutions contained no ammonia. For these solutions, a 
decrease in pressure, but not a decrease in temperature, would be 
a predominating precipitating agency. In mineralizing solutions 
containing ammonia, a decrease in temperature would be a pre- 
dominating precipitating agency. In mineralizing solutions con- 
taining no ammonia, the decrease in pressure necessary to cause 
a precipitation of mercuric sulphide must be sufficient to counter- 
act any increased solubility resulting from decreased temperature. 
Similarly, in ammoniacal solutions, before precipitation can be- 
gin, the decreased solubility of mercuric sulphide due to decreased 
temperature must be sufficient to counteract any increased solu- 
bility that may result from a decrease of pressure. 

C. Effect of Increased Acidity—Any reduction of the alka- 
linity of an alkaline sulphide solution will accelerate the hydrolysis 
of the sulphide ion and hence will decrease the solubility of the 
mercuric sulphide. In acid solutions, the hydrolysis goes nearly 
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to completion and the mercuric sulphide is almost completely 
precipitated. However, when alkaline sulphide solutions con- 
taining dissolved mercuric sulphide are acidified at temperatures 
below 200° C., only the black mercuric sulphide (metacinnabar ) 
is precipitated.* That metacinnabar is a monotropic form of 
mercuric sulphide in contrast to the stable cinnabar is shown by 
the fact that, in acid solutions above 200° C. and in alkaline solu- 
tions above 100° C., metacinnabar is converted to cinnabar (AC, 
378). Conversely, once cinnabar has been precipitated, it is 
stable in all solutions up to the volatilization point (AC, 377). 

Allen and Crenshaw likewise experimented with the precipitation 
of mercuric sulphide in sodium thiosulphate solutions (AC, 369- 
73). Sodium thiosulphate and sodium chloride were dissolved 
with an excess of mercuric chloride in water. When precipitation 
is induced, the first precipitate is the white HgCl.-2HgS. This 
precipitate continues to form until the ratio of HgCl.: Na.S.O; 
falls to 3:2. At this concentration, metacinnabar begins to pre- 
cipitate until the ratio falls to 1:4 at which point a red mercuric 
sulphide begins to precipitate. This red mercuric sulphide is 
said to have a lower specific gravity and lower indices of refrac- 
tion than ordinary cinnabar (AC, 377). This third form 
(named b-HgS) is likewise monotropic and inverts to cinnabar 
at 100° C. in alkaline sulphide solution (AC, 377). 

The writer prepared the three forms of mercuric sulphide fol- 
lowing the directions given by Allen and Crenshaw. Professor 
J. H. Sturdivant, Division of Chemistry, California Institute of 
Technology, obtained x-ray powder diffraction patterns for arti- 
ficial metacinnabar, b-HgS, and natural cinnabar (from the Klau 
mine). The metacinnabar was found to be isometric as previ- 
ously determined (AC, 374) and the b-HgS and natural cinnabar 
were both found to be hexagonal as reported (AC, 393) although 
a preliminary study has led Dr. Sturdivant to believe that the 
crystal structure of cinnabar has been interpreted incorrectly. 
Further work on this problem is in progress. The significant 


14 Allen, E. T., and Crenshaw, J. L.: The sulphides of zinc, cadmium, and 
mercury ; their crystalline form and genetic conditions. Am. Jour. Sci., 4th ser., 34: 
341-06, 1912. References to this paper will be made (AC, pp. ). 
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point, however, is that the powder diffraction patterns of cinnabar 
and b-HgS are identical. The minimum specific gravity given 
for cinnabar is 8.176 (AC, 369) whereas the maximum specific 
gravity of b-HgS is stated to be 7.221 (AC, 377). This is a 
difference of over 11 per cent whereas an'y difference in gravity 
of over 3 per cent (and probably of over 1 per cent) will be re- 
vealed by differences in x-ray pattern. The x-ray diffraction 
patterns of these two compounds are identical and this identity 
raises the question as to whether b-HgS is actually a distinct form 
of mercuric sulphide or whether the published gravity and index 
determinations are in error so that, as appears probable, cinnabar 
and b-HgS are identical. 

Metacinnabar is an uncommon mineral in quicksilver deposits. 
For this reason, the relation of metacinnabar to cinnabar has been 
only slightly studied. Becker mentioned the occurrence of meta- 
cinnabar at the Knoxville mine (B, 285). Unfortunately, the 
portions of this property containing metacinnabar were inacces- 
sible at the time of Becker’s visit although he states that “ Speci- 
mens show that it [metacinnabar] was accompanied by opal and 
marcasite and that it was, in some cases, coated by cinnabar as if 
in the process of conversion.”” Metacinnabar also occurred in 
some of the old workings at New Idria (B, 302). The occur- 
rence of metacinnabar at the Culver-Baer, Hastings, and Reed 
mines has also been noted,’® but the relationship of metacinnabar 
to cinnabar in the ore from these mines is not known. The 
petrographic relationships of metacinnabar and cinnabar in ore 
from the Mount Diablo mine will be described subsequently. 

The scarcity of metacinnabar suggests that increased acidity 
is not an important factor in the precipitation of most quicksilver 
ores. It has been noted that, in acid solutions below 200° C., only 
metacinnabar is precipitated. In acid solutions above 200° C., 
metacinnabar will be the first precipitate, but will be slowly con- 
verted to cinnabar. Similarly, metacinnabar is converted to 
cinnabar in alkaline sulphide solutions at about 100° C. Were 
increased acidity an important precipitating agency, despite the 

15 Bradley, W. S.: Quicksilver resources of California. Calif. Min. Bur. Bull. 


78: 172, 185, 205, 1918. 
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absence of metacinnabar in most deposits, one of the following 
changes must have occurred: 


(1) A temperature above 200° C. must have existed. It is 
doubtful whether aqueous solutions near the surface could attain 
so high a temperature in the porous, fractured country rocks in 
which cinnabar ores commonly occur and many reasons have been 
cited for believing that the temperatures of such quicksilver 
mineralizing solutions are quite low. Even granting such high 
temperatures or a very long period of mineralization (which 
might permit a partial conversion at lower temperatures), the 
slow rate of conversion of metacinnabar to cinnabar in acid 
solutions makes it unlikely that the metacinnabar would be com- 
pletely converted to cinnabar. Metacinnabar, however, is not- 
ably absent in many deposits. Moreover, if metacinnabar rather 
than cinnabar is often the primary precipitate as the result of 
acidification of hypogene solutions, then those deposits that have 
been formed most recently should contain the most metacinnabar. 
There is, however, apparently no relation between recency of 
deposition and the quantity of metacinnabar in a deposit since such 
very recent cinnabar deposits as Goldbanks, Opalite, and Sulphur 
Bank contain no metacinnabar. 

(2) A new influx of alkaline sulphide solutions would be 
needed. Metacinnabar is easily converted to cinnabar in such 
solutions. However, if physical conditions are such as to oxidize 
and hence acidify the solutions during one stage of the period of 
mineralization, it is difficult to see why, during a later stage of 
the mineralization, similar solutions should not be acidified like- 
wise. 

For these reasons, it is believed that increased acidity is not 
generally a common cause for the precipitation of mercuric sul- 
phide although it may account for the local concentrations of 
metacinnabar that have been reported. It is to be noted, more- 
over, that wherever metacinnabar occurs it could easily have been 
deposited, merely by acidification, from the same type of hypogene 


solutions that deposited the associated cinnabar. 
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D. Effect of Dilution—It is possible that mineralizing solu- 
tions may come in contact with ground water or that there may 
be an influx of dilute juvenile waters. The admixture of ground 
water or dilute juvenile water may effect a dilution and neutrali- 
zation of solution sufficient to cause precipitation. Hence, it is 
desirable to note the effect of dilution on quicksilver mineralizing 
solutions. 

3y the fundamental equations 


HgS + S=s Hes: 
S= + 2H.O = HS- + OH- + H.0S H,S + 20H-, 


whenever the hydroxyl ion concentration drops sufficiently to 
allow the hydrolysis of the sulphide ion to proceed to a point 
where there is a deficiency of sulphide ion in relation to mer- 
curic sulphide, some of the mercuric sulphide will be precipitated. 
However, if the alkalinity of the solution is mainiained so as 
largely to inhibit hydrolysis, no precipitation will occur regardless 
of the volume of alkaline solution in which the sulphide complex 
is dissolved. Therefore the problem of dilution is very similar 
to that of acidification except that, with an increased acidity, the 
hydrolysis goes immediately nearly to completion whereas, with 
dilution, the hydrolysis and hence the precipitation are most 
gradual. Becker gave quantitative estimates of the amount of 
dilution necessary to cause precipitation. Quantitative estimates 
of the amount of dilution necessary to effect precipitation are 
of little significance since the reaction depends on equilibrium 
relations. Such estimates, however, do show the extreme dilu- 
tion that is necessary before precipitation will occur. Becker 
(B, 429-30) placed Na.S, NaOH, and HgS in solution in a 
ratio of 2.04:1.38:1 so that 0.3349 g. of HgS were present in 
3.9 c.c. of solution or 86 g. per liter. This solution would con- 
tain, in moles per liter, 0.37 HgS, 2.8 NaOH, and 2.6 Na.S. 
Precipitation began when 25 c.c. of water had been added to the 
3.9 c.c. or when the solution was 0.13 of its original concentra- 
tion and continued until 100 c.c. of water had been added. The 
writer prepared a solution containing 0.42 moles NaS, 1.8 moles 
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KOH, and 0.17 moles HgS per liter. No precipitation occurred 
until the solution was diluted to 1/30 of its original concentration. 
This is a large dilution, but the dilution needed to effect precipita- 
tion is dependent only on the available sulphide ion concentration 
which is, in turn, dependent on the alkalinity of the solution. 

The precipitate formed by dilution is metacinnabar, not cinna- 
bar. Becker stated that metallic mercury was precipitated with 
the black sulphide (B, 431), but the writer could not confirm this 
statement since visual examination of the precipitate resulting 
from dilution showed no free mercury. Moreover, after the 
precipitate was washed with nitric acid, the filtrate gave no test 
for mercury. However, it was found that, after filtering the 
precipitated metacinnabar, the filtrate still remained brown. If 
this filtrate is boiled, a mercury mirror is deposited indicating 
that colloidal mercury is formed at the same time that the meta- 
cinnabar is precipitated. If the alkaline mercuric sulphide com- 
plex solution is boiled and diluted with boiling water, the result- 
ing solution is colorless and no mercury mirror is formed by 
further boiling the filtrate. Thus, in boiling water, the mercury 
is coagulated and precipitated with the metacinnabar. 

Native mercury is commonly disseminated in small amounts 
through many quicksilver deposits. At some mines native mer- 
cury is present in relatively large amounts. Although Becker 
(B, 431) noted the effect of dilution as a precipitant of native 
mercury, the presence of native mercury is generally attributed to 
reduction by organic matter or other reducing agencies in the wall 
rock.*® It is probably true that organic compounds can be found 
that will reduce the mercuric sulphide complex to native mercury. 
Nevertheless, the writer feels, for the following reasons, that such 
organic reduction is only a minor cause of the precipitation of 
native mercury: (1) Solutions containing mercuric sulphide dis- 
solved in alkaline sulphide were placed in contact with coal and 
charcoal for a considerable period of time and no native mercury 
was precipitated. (2) At the War Eagle mine in southwestern 
Oregon, cinnabar has been mined from coal beds. Were organic 


16 Cf. Emmons, W. H.: Enrichment of ore deposits. U. S. Geol. Surv. Bull. 625: 
394, 1017. 
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material a potent reducer of quicksilver mineralizing solutions, 
it is difficult to see why cinnabar rather than native mercury, 
should have been precipitated on the coal. (3) The writer has 
found globules of native quicksilver in fresh basalt (in a place 
at which hydrocarbons are notably absent) at Sulphur Bank. 

It is to be expected that, during the course of mineralization, 
ground waters should occasionally dilute the mineralizing solu- 
tions to such an extent as to precipitate mercuric sulphide and 
native mercury. Since the flow of ground waters and of thermal 
solutions is a most variable factor over a long period of time, 
there is no reason to believe that, after one epoch of dilution, the 
quantity of ground water relative to the mineralizing solutions 
should not decrease. The mineralizing solutions would then be 
strong enough to convert the metacinnabar formed during dilu- 
tion into cinnabar. It is notable, moreover, that alkaline sulphide 
solutions have no effect on metallic mercury. The writer has 
found that it is only when the solutions are acid so that abundant 
hydrogen sulphide is produced that a coating of metacinnabar is 
formed on the metallic mercury. The fact that native mercury is 
not tarnished, even where it is found in cavities (as at Sulphur 
Bank) in which it could not have been disturbed, indicates that 
the solutions must have been alkaline as previously postulated 
and that the hydrogen sulphide vapors found around many 
thermal springs are often the result only of oxidation (and at- 
tendant acidification) at the surface. Since metacinnabar is 
readily converted to cinnabar in alkaline sulphide solutions 
whereas metallic mercury is unaffected, it is believed that the 
periodic dilution and reconcentration of solutions furnishes the 
best means of explaining the occurrence of native mercury. 
However, since (1) a marked dilution is necessary to precipitate 
mercuric sulphide and (2) the quantity of native mercury in 
most deposits is small, it appears that dilution is probably not a 
major factor in the formation of most cinnabar concentrations. 

Mention is frequently made of the possibility of native mer- 
cury having been deposited as a sublimate. A number of reasons 
have been given for believing that quicksilver deposits are 
formed at very low temperatures and pressures—the temperature 
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probably not exceeding 150° C. At 150° C., the vapor pressure 
of mercury is negligible and it is not until 260° C. that the vapor 
pressure reaches 100 mm. It is, therefore, possible, but not 
probable, that native mercury has been deposited as a sublimate. 
However, if mercury vapors were present during mineralization, 
they must have been carried along with thé solution as vapor 
and cannot have resulted from any decomposition of the solutions 
by heat since high temperatures will serve only to evaporate the 
solutions and precipitate cinnabar. Cinnabar is stable up to its 
volatilization point and has no appreciable vapor pressure below 
300° C. Thus, native mercury could not result from a decom- 
position of the mineralizing solutions, but could, conceivably be 
carried in as a vapor accompanying the solutions. Whether such 
a situation is possible would involve a study of the stability re- 
lations of mercury vapor in the presence of alkaline sulphide 
solutions at temperatures above 150° C. In any case, deposition 
as a sublimate is not a postulate necessary to explain the presence 
of native mercury in a deposit. 

E. Effect of Wall Rock.—The effect of the wall rock in caus- 
ing precipitation from mineralizing solutions is the integrated 
effect of all individual components of the rock that are out of 
equilibrium with the solutions ard which, in an attempt to restore 
equilibrium, cause precipitation. The complexity of wall rocks 
and the wide variability in type renders it impossible to predict 
what precipitative effect each wall rock will have. However, 
in order to ascertain empirically what effect wall rock has in 
causing precipitation, the following experiment was performed : 
A solution was prepared containing 0.42 moles Na.S, 0.42 moles 
KOH, and 0.15 moles HgS per liter. Into 15 cc. portions of 





this solution were put two rock slices from each of a number 
of deposits containing different types of wall rock. A second 
standard solution was prepared containing the aforementioned 
components plus 200 cc. of water glass per liter. (The water 
glass was 40° Be, S.G. 1.381 and had a molecular ratio of SiO, : 
Na.O of 3.12. There was thus 24.6 per cent silica in the water 
glass or 49 g. of SiO. per liter.) Into 15 cc. portions of this 
second standard solution were placed two slices of the same rocks 
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from the same districts. All of the solutions were sealed with 
paraffin. The solutions were examined at the end of two, four, 
and eleven days and again at the end of four months. The 
mercuric sulphide precipitates were classified quantitatively as 
light, medium, and heavy. The two end members of the classi- 
fication were reserved for extreme cases. The results of the 
experiment are tabulated in Table 4. Many of the precipitates 
TABLE 4. 


EFFECT OF WALL ROCK IN PRECIPITATING MERCURIC SULPHIDE. 








| Volume of precipitate after 
two days. a — 
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classified as light consist of only a few scattered grains. Al- 
though such wall rock precipitation would undoubtedly vary 
with variations in a given rock type and would depend, to a cer- 
tain extent, on variations in temperature and pressure, neverthe- 
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less, certain generalizations can be drawn from the results pre- 
sented in Table 4. These generalizations are listed below: 


(1) The precipitation was practically complete after two days. 
The amount of precipitate was practically the same after four 
months as after two days. Hence the amount of precipitate is 
listed as the result after two days, but it is essentially the same 
as the precipitate after four months. Wall rock reaction is thus 
a rapid process and increased temperature and pressure probably 
would accelerate the reactions. 

(2) In all cases, the solutions containing water glass gave 
about the same amount of precipitate as those without water glass. 

(3) Although some of the rocks are notably out of equilibrium 
with the solutions (notably the Oat Hill sandstone and Black 
Butte agglomerate) a very great number of the rocks caused only 
a small amount of precipitation. Some of the wall rocks causing 
the least precipitation were from among the largest mercury de- 
posits. However, there is no relation between degree of reac- 
tivity and size of the quicksilver deposit. These results indicate 
that, in some places, some factor other than wall rock reaction 
must often play a large part in controlling the loci and intensity 
of quicksilver mineralization. 

F. Effect of Evaporation of the Solvent.—All of the factors 
that can effect precipitation involve a relative concentration of the 
solute in relation to the solvent beyond the maximum solubility 
of the solute under the particular chemical and physical condi- 
tions. Of the factors already studied, relief of pressure and wall 
rock reaction are the most probable causes of the precipitation of 
cinnabar. Relief of pressure involves precipitation by an ac- 
celerated evaporation. However, even without a relief of pres- 
sure, evaporation can occur so long as the liberated vapors can 
escape from the mineralizing solutions through pores and frac- 


tures. Actually, both vapor and liquid must penetrate out 
through any permeable media, but, because the viscosity of gases 
is less than that of liquids, the escape of the vapors will be more 
rapid than that of the liquid. The solutions will thus be gradu- 
ally concentrated. As evaporation and concentration proceed, 
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precipitation of cinnabar will begin for it is exactly by such an 
evaporation of solvent that cinnabar is most easily precipitated in 
the laboratory. If the mineralizing solutions are made to follow 
certain definite paths as a result of fractures and structural traps, 
the precipitate will form along the path followed by the solutions. 
The cinnabar concentrations will then form along the available 
openings and beneath whatever trap may be present. Such 
evaporation must play an important part in the precipitation of 
cinnabar ores for it is known not only that the loci of cinnabar 
deposition follow closely openings in the country rock, but also 
that the great cinnabar concentrations are often found beneath 
some form of structural trap. 


Relation of Pyrite and Marcasite to Quicksilver Mineralization. 


Reasons have been indicated for believing that cinnabar, meta- 
cinnabar, and native mercury are generally deposited from the 
same type of mineralizing solutions under varying chemical and 
physical conditions. Silica can be deposited by these same solu- 
tions and petrographic evidence will indicate a frequent syn- 
genesis of silica with cinnabar. The relationship of pyrite and 
marcasite to the quicksilver mineralization is not, however, so 
clear. Since iron disulphide is a ubiquitous precipitate from 
many types of hydrothermal solutions, there is no reason to be- 
lieve that it is always deposited syngenetically with the cinnabar 
—especially not since the period of cinnabar deposition probably 
comprises only one small portion of the total mineralizing epoch 
and since it has been noted that iron disulphide is not soluble in 
alkaline sulphide solutions. It is most difficult to determine 
paragenetic relations of pyrite and marcasite to cinnabar and 
metacinnabar. However, the chemical relations of pyrite and 
marcasite have been studied in detail. For this reason, it might 
be well to attempt to ascertain under what chemical and physical 
conditions pyrite and marcasite could be (but not necessarily are) 
deposited from the same solutions as cinnabar and metacinnabar. 


17 Schuette, C. N.: Occurrence of quicksilver orebodies. 
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Allen, Crenshaw, Johnston, and Larsen ** have determined that 
marcasite is a monotropic form of pyrite just as metacinnabar is 
a monotropic form of cinnabar. Unlike the change of meta- 
cinnabar to cinnabar, the irreversible change of marcasite to 
pyrite does not occur below 450° C at any pressure (ACJL, 
187-90). Therefore, insofar as the study of quicksilver min- 
eralization is concerned, marcasite, like pyrite, is stable over the 
entire range of possible physical conditions. Thus, once mar- 
casite or pyrite has formed, later quicksilver mineralizing solutions 
could effect no changes. 

The original conditions of formation of marcasite and pyrite 
are, however, somewhat different than the conditions under which 
metacinnabar and cinnabar are formed. Cinnabar will be de- 
posited only from markedly alkaline solutions. An increase in 
acidity or a dilution of solution will immediately cause the 
precipitation of metacinnabar. Metacinnabar, however, is readily 
re-converted to cinnabar by a new influx of more concentrated 
alkaline sulphide solutions. Unlike the relation of metacinnabar 
to cinnabar, it has been found that, whereas marcasite is the 
predominant form deposited at low temperatures from acid solu- 
tions, some pyrite is deposited along with the marcasite in such 
solutions (ACJL, 179-81). The amount of pyrite increases 
with a decrease in acidity and an increase in temperature (ACJL, 
179-81). Thus, the occurrence of metacinnabar with both py- 
rite and marcasite could be expected. Since later alkaline sul- 
phide solutions will convert a part of the metacinnabar to 
cinnabar, but will not effect the marcasite (ACJL, 184), the oc- 
currence of metacinnabar, cinnabar, pyrite, and marcasite together 
is not anomalous. In alkaline solutions, pyrite, not marcasite, is 
deposited, but once marcasite has been formed it is not changed 
by later alkaline sulphide solutions (ACJL, 184). Thus, unless 
the cinnabar in a given area has resulted from metacinnabar that 
was deposited in neutral or acid solutions and has since been com- 
pletely converted to cinnabar by alkaline sulphide solutions, the 


18 Allen, E. T., Crenshaw, J. L., Johnston, John, and Larsen, E. S.: The mineral 


sulphides of iron. Am. Jour. Sci., 4th ser., 33: 188-90, 1912. References to this 
article will be made (ACJL, pp. ). 
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occurrence of marcasite with cinnabar alone is an anomaly that 
must indicate that the marcasite was not deposited contempora- 
neously with the cinnabar. Since the occurrence of marcasite 
with cinnabar in deposits containing no metacinnabar or pyrite 
is not uncommon, there is good reason for believing that, at least 
in some cases, the iron disulphide deposition is not strictly con- 
temporaneous with the deposition of mercuric sulphide. 


The Problem of Supergene Enrichment of Quicksilver Deposits. 


The possibility of supergene enrichment of quicksilver deposits 
has been studied by Broderick.’ By experiment, Broderick 
determined the following facts regarding solution and deposition 
of mercuric sulphide by acid waters: 


(1) Cinnabar is somewhat soluble in chloride waters or in 
a solution in which nascent chlorine is generated by the action 
of manganese dioxide on chlorides. 

(2) Sulphate waters do not dissolve cinnabar. 

(3) Since cinnabar is somewhat soluble in hydrochloric acid, 
but not in sulphuric acid, the assumption is that supergene solu- 
tion of cinnabar can occur only where supergene waters are 
chloride in character—thus probably only in arid climates. 

(4) Of the sulphides that commonly occur with cinnabar, only 
stibnite will precipitate mercuric sulphide from chloride solution. 

(5) Illuminating gas was found to reduce mercuric chloride 
to the mercurous form producing a precipitate of calomel. 

(6) The action of hydrogen sulphide on calomel gives mer- 
curic sulphide and metallic mercury. 

(7) Calcite and ferrous sulphate cause mercuric chloride solu- 
tions to precipitate the oxychloride, ‘chloride, and oxide. 

(8) In all cases, the mercuric sulphide precipitated from 
chloride solutions is the black sulphide, metacinnabar. 


The most recent investigation of the solubility of mercuric 
sulphide in pure water (pH 7) has shown the solubility, at 25° C., 


19 Broderick, T. M.: Some experiments bearing on the secondary enrichment of 
mercury deposits. Econ. GEoL., 11: 645-51, 1916. 
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to be I X 10°" grams/liter and, at 400°, 3.10°° grams/liter.”° 
This fact together with the not uncommon occurrence of cinna- 
‘bar in placers ** indicates that pure waters are incapable of trans- 
porting mercuric sulphide in solution. 

Broderick’s experiments show a possible means by which meta- 
cinnabar and native mercury can be formed (namely, by reaction 
of mercuric chloride solutions with stibnite or with organic and 
hydrogen sulphide gases). Following are some of the reasons 
for believing that little if any of the naturally occurring meta- 
cinnabar or native mercury has resulted from reactions with 
supergene mercuric chloride solutions: 


(1) Of the large number of quicksilver mines in the California 
Coast Ranges existing under essentially the same climatic condi- 
tions (which are certainly not arid) and outcropping at or near 
the surface, only a very few have metacinnabar. 

(2) Many of the deposits that contain native mercury have 
no metacinnabar although decomposition of the chloride by 
hydrogen sulphide should produce both compounds. 

(3) In all of the deposits that contain metacinnabar or native 
mercury, the chlorides, oxychloride, and oxide are rare or absent. 
In many of these deposits, insofar as the writer is aware, sec- 
ondary mercury minerals have never been found. 

(4) Of all of the sulphides commonly associated with cinnabar 
only stibnite will cause the precipitation of metacinnabar from 
chloride solutions and antimony, although common, is generally 
present in only small amounts. The precipitation cannot, there- 
fore, be effected to any appreciable extent by stibnite. Ac- 
cording to Broderick’s experiments, in the presence of organic 
matter only the highly insoluble calomel is precipitated. In the 
presence of carbonates and ferrous sulphates, only chlorides, the 
oxychloride, and oxide will form. It is not until the hydrogen 
sulphide zone is reached that the chloride could be converted into 
metallic mercury and metacinnabar. If supergene transportation 
of mercury were common, there should, therefore, be found near 


20 Verhoogen, Jean: Thermodynamical calculations of the solubility of some im- 
portant sulphides up to 400° C. Econ. Geol., 33: 776, 1038. 
21 Bradley, W. W.: op. cit., pp. 82, 169, 201, 
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the surface of some of the deposits containing native mercury 
and metacinnabar an oxidized zone containing the chlorides, oxy- 
chloride, and oxide. Below this zone should occur the meta- 
cinnabar and native mercury. Not only are no such oxidized 
zones found, but there are many cinnabar deposits at or near the 
surface which show no metacinnabar, but contain native mercury 
disseminated throughout. Moreover, where native mercury is 
found, it is often disseminated uniformly in small amounts 
throughout a deposit and no evidence is at hand for believing that 
there is any definite native mercury zone. 

(5) The occurrence of cinnabar in placers proves that super- 
gene solution of cinnabar must be negligible. The unusual 
oxidized mineral assemblage found at Terlingua must be the re- 
sult of conditions not commonly found at most other quicksilver 
deposits. 


In contrast to the foregoing is the evidence that, on dilution 
(or acidification in the case of metacinnabar) of hypogene alka- 
line sulphide solutions, both metacinnabar and native mercury can 
be deposited from the hypogene solutions. All of the features 
of the occurrence of metacinnabar and native mercury can be 
explained easily by deposition from hypogene solutions. 

A few occurrences of supergene cinnabar have been reported. 
Some of these occurrences are listed below : 


(1) Lindgren * reported cinnabar in the oxidized ore of some 
of the mines in the Blue Mountains of Oregon. He believed that 
the cinnabar resulted from the decomposition of schwatzite (mer- 
curial tetrahedrite) found in the primary ore. 

(2) Hewett ** has noted the occurrence of cinnabar as a coat- 
ing over the carbonate or sulphate of lead formed by the alteration 
of galena. 

(3) Becker (B, p. 436) reported a veinlet of cinnabar in an 
encrustation of secondary. salts in an abandoned drift at New 
Idria. 

22 Lindgren, Waldemar: Mineral deposits, 4th ed., p. 869, 1933. 


23 Hewett, D. F.: Geology and ore deposits of the Goodsprings quadrangle. 
Nevada. U. S. Geol. Surv. Prof. Pap. 162: 81-2, 1931. 
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The deposition of supergene cinnabar could have occurred in 
one of two ways: 


(1) From chloride waters—Deposition from chloride waters 
by any means would give metacinnabar. Metacinnabar could be 
converted to cinnabar only by the action of hot alkaline sulphide 
solutions. 

(2) By deposition from supergene alkaline sulphide waters. 
The formation of supergene cinnabar (rather than metacinnabar ) 
in either case necessitates the presence of hot supergene alkaline 
sulphide waters. It is conceivable that such supergene solutions 
could be formed on a small scale. However, since supergene 
waters are not commonly either hot or alkaline, especially in the 
presence of pyrite or marcasite, which are common sulphides in 
many cinnabar deposits, it is most difficult to see how supergene 
cinnabar can be formed to any large degree. Therefore, cinnabar 
should not be classed as supergene unless field relations permit 
no other possible interpretation. 


(To be concluded in the following number.) 
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be THE PEGMATITES OF THE SPRUCE PINE DISTRICT, 
‘de NORTH CAROLINA. 
C. S. MAURICE. 
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Several types of pegmatites are distributed in zones, thought 
Ns to reflect differences in temperature of formation. In general, 
ne plagioclase predominates over microcline, and crystallized first; 
the amount of microcline varies with the composition of the 
he plagioclase. 
in Abundant siructures suggesting replacement of microcline by 
ne plagioclase are the result of metamorphism of the pegmatitic- 
| magmatic constituents; very minor amounts of albite are meta- 
yar somatic replacements; much of the commercial mica is primary. 
nit Accessory minerals include compounds of columbium, uranium, 


and rare-earths, allanite, beryl, and others. 

180 pegmatites were investigated in the field and the plagioclase 
was determined for more than 100 of these. The paragenesis is 
shown by banded structures, filter pressing, textures, and other 
field and microscopic evidence. 

A survey of recent literature suggests that the conclusions for 
the Spruce Pine district—the largest producer of muscovite and 
feldspar in North America—may be applied to other districts, 
and shows that economic deposits of feldspar and mica that con- 
tain plagioclase predominating over microcline are found else- 
where. 
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PART I. 


INTRODUCTION. 


A NUMBER of papers on pegmatites appearing since 1925 have 
emphasized replacement of potash feldspar by albite and rare 
minerals in alaskitic varieties of granite pegmatites. Subsequent 
generalizations by other writers, that all commercially important 
deposits of feldspar and sheet muscovite owe their plagioclase or 
mica to replacement of potash feldspar are not applicable to the 
Spruce Pine district, and neither are generalizations that the peg- 
matites yielding commercial feldspar and sheet muscovite are 
alaskitic in composition, or contain at the most only minor 
amounts of plagioclase. Misapprehensions appear to have arisen 
from diverse usage of the term “ granite pegmatite’ and “ peg- 
matite.’” As the Spruce Pine pegmatites constitute the main 
source of feldspar and sheet muscovite in North America, the 
above generalizations on the composition and genesis of feldspar 
and sheet muscovite should be revised. 

The hypothesis advanced to account for the origin of a type of 
texture suggesting replacement of perthite by albite and oligoclase 
in the Spruce Pine district may be found applicable to other areas. 

A zonal distribution of pegmatites containing plagioclase of 
diverse composition and having amounts of potash feldspar that 
are related to the composition of the plagioclase has not, as far 
as known, been previously described. Areas in which there is a 
wide range in the composition of the plagioclase and the propor- 
tion of microcline are described by Watson (44) * and Stockwell 
(40), but there appears to be no zonal distribution of the peg- 
matites such as that in the Spruce Pine district. 

Determination of Plagioclase—The composition of the plagio- 
clase was determined by the immersion method; the refringence 
of the fast ray in oor cleavage flakes was matched against index 
liquids differing by 0.001 and the corresponding composition in- 
ferred from the curve of Johannsen (17). 

The error in measuring the refringence is due mainly to two 
factors: the personal element in distinguishing differences in the 


1 See Literature Cited, at end of article. 
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reds and blues produced by the dispersion in the liquids, and 
changes in the refringence of the liquids following calibration. 
The latter were corrected by rechecking the liquids after a period 
of use and making new determinations where necessary. It is 
said that in general the personal error in matching the indices of 
mineral and liquid is up to 0.003. However, by comparing the 
color effects with those produced by substances of known re- 
iringence and using the same source of light in each case, it was 
concluded that differences of plus or minus 0.001 could be dis- 
tinguished providing the comparisons are made with the sufficient 
frequency, on flat lying cleavage flakes of uniform thickness. 
Other minor errors are due to the reading of the refractometer 
and to measurement of, and correction for, the temperature at 
which observations are carried on. The indices as measured are 
probably accurate within + 0.0015. Contrary to previous state- 
ments, relatively few fragments from each sample were found to 
give reliable results. Few samples were found to give satisfac- 
tory measurements of extinction angles. 

The curve of Johannsen for the index of refraction in cleavage 
flakes of plagioclase differs from the curve of Tsuboi (42, Plate 
1). If allowance is made for the difference between Na and the 
refringence of the fast ray in Oo1 cleavage flakes (42, pp. 109- 
112), other published curves for Na in plagioclase can readily be 
compared. Although different ones give values for the per cent 
of An? differing by as much as 3 units through the oligoclase 
range, the difference is as much as 5 units for pure albite. Dur- 
ing the progress of the work it was found that albite with 5 per 
cent An indicated by Johannsen’s curve had extinction angles of 
19°—20° measured on O10 cleavage flakes. The latter indicates 
nearly pure albite; this strongly suggests that Idding’s (16) curve 
is to be preferred to Johannsen’s * for the Spruce Pine albites. 
Other considerations recommend Idding’s curve for oligoclase 
from Spruce Pine. Discrepancies between curves in part arise 

2 Anorthite molecule in plagioclase. In this paper the percentage of An is ab- 
breviated to An 5, An 10, etc. 


3 For references to these and comments on their merits see Alling (52, p. 363), 


The Mineralography of the Feldspars. 
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on 


from inability to allow for the effects of differences in the per- 
centage of orthoclase (Or). 

Assuming that the percentage of Or in the plagioclase of the 
Spruce Pine pegmatites is uniform for specimens having the same 
per cent of An, the percentages of An reported below have a 
relative accuracy of + 2 units. And if the percentage of Or has 
the small range suggested by Alling,* 7.c. from a fraction of 1 
per cent up to 2 per cent, the accuracy is not greatly decreased. 

The range found in the composition of the plagioclase is from 
ADioo Any to Abgy Anz, using Idding’s curve, and from Ab.; An; 
to Ab;o Ano using the curve of Johannsen. 





Literature—Most of the earlier geological literature dealing 
with the pegmatites of the Spruce Pine district may be classed as 
mineralogical notes, folios of the Geologic Atlas of the United 
States (19, 20, 21), bulletins of the United States Geological 
Survey (5, 37, 38, 39) and Bureau of Mines (43, 46) and 
bulletins and economic papers of the North Carolina state surveys. 
All of the important mineralogical notes are summarized by Genth 
(9), or reappear in some other publication listed. The bulletins 
and economic papers of the North Carolina Geological Survey 
and its successive bureaus contain no relevant material that does 
not reappear in other publications listed except one bulletin by 
Pratt (30). 

A number of papers have appeared recently by Fessler and 
McCaughey (7), Hall (14), Ross (32), Ross, Henderson, and 
Posnjak (31), and Stuckey (41). 

Field Work and Acknowledgments.—The material in this paper 
is based on extensive field work in the Spruce Pine district carried 
on during the years 1932-35. The author is deeply indebted to 
Dr. J. L. Stuckey of North Carolina State College who suggested 
the problem and also to many of the residents of the district for 
their cooperation and assistance, especially to Messrs. A. FE. 
Alexander, John Boyd, and B. F. Burgess of the Tennessee 
Mineral Products Co. 

4 Harold L. Alling; personal communication, Apr. 10, 1935. See also The 
mineralography of the feldspars, part II, Jour. Geol., 1923, pp. 280, 361, and 374. 
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Acknowledgment is made of the valuable suggestions and as- 
sistance received from the various members of the Faculty of 
Johns Hopkins University. The author is especially grateful to 
Professors J. T. Singewald, Jr., and J. D. H. Donnay for sug- 
gestions and for assistance in the presentation of the results, and 
to Professor Ernst Cloos for many microphotographs. 


GEOGRAPHY AND GEOLOGY OF THE DISTRICT. 

The area is called the “ Spruce Pine district’ after the town 
of that name, which is its commercial and mining center. The 
district is about 20 miles long and 12 miles wide, and is situated 
near the western boundary of North Carolina (Fig. 1). It is in 
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Fic. 1. Index map showing location of the Spruce Pine district (From 
geological map of the U. S., compiled by Geo. W. Stone, 1932). 


the Southern Appalachian Mountain Province, about 50 miles 
northeast of the broadest part. The width of the Province at 
this point is about 40 miles. The district lies just west of the 
Blue Ridge, the crest of which may be regarded as the approxi- 
mate eastern boundary of the mountain province. 


Geological Setting. 
The rocks of the district consist dominantly of the pre-Cambrian 


Carolina gneiss and Roan gneiss series. There are also small 
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bodies of ultra-basic igneous rocks and derived serpentine, and 
the massive Bakersville gabbro and diabase (Triassic ?). Sur- 
rounding these rocks on the northwest and north is the Cranberry 
granite, and on the northeast and east the Cranberry granite with 
a variety of other rocks, the most important of which are Cam- 
brian sediments. On the southeast lies the porphyritic Hender- 
son granite. The pegmatites do not occur in contact with nor 
close to the granites. 

The rocks are described and mapped by Keith (19, 20, and 21) 
as Archzan, except as noted above. The Carolina gneiss con- 
sists chiefly of mica gneiss and mica schist. In strong contrast, 
the Roan gneiss consists of hornblende gneiss and schist, with 
some massive and schistose diorite, in part garnetiferous. 

The larger structural features of the region as shown by Keith 
are the interfingering of the Carolina and Roan gneisses, the 
intrusions of the ultra basics, the pre-Cambrian granite intrusions, 
and the areas of Paleozoic sediments. The structure is com- 
plicated by thrust faulting, and folding of the fault planes. The 
foliation planes of the Carolina and Roan gneisses are also folded. 
This probably took place during part of the Appalachian revolu- 
tion. The trend of the formations is generally N. to NE. To 
the east and south are many areas of unmetamorphosed White- 
side granite (Carboniferous- ?), the nearest of which is 30 miles 
east of Spruce Pine. 

Within the district itself, the elements of the structure are 
principally the interfingering of the Carolina and Roan gneisses, 
with their local variations in trend as also in the strike and dip of 
the foliation planes, and the intrusion of ultra-basic rocks. To- 
ward the north, the Roan gneiss is the principal formation; it 
sends southwest, into the Carolina gneiss, tongues that gradually 
pinch out. The trend of the formations and the strike of the 
foliation are generally N. to NE., but locally the strike is E. or 
even SE. The dips are mostly greater than 45° ; however, near 
Plumtree, there is a considerable area of flat lying Carolina gneiss 
underlain by Roan gneiss. 


Most of the pegmatites dip SE., parallel to the foliation of the 
gneiss; a, few break across the foliation. They occur in places 
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at the contact of the Carolina and Roan gneisses. Where the 
pitch of the pegmatites is exposed it is generally SE. to SW. at 
a low angle. 


Topography and Weathering. 


The degree of weathering, which varies with the topography, 
influences the exploitation of the pegmatites. 

Topography.—The elevation of most of the area varies between 
2600 feet and 3600 feet. Between these elevations are three 
series of valleys and hilltops with concordant elevations of 2600 
feet, 3100 feet and 3600 feet, which are the levels of three suc- 
cessive peneplains (20, p. 1). Hilltops, terraces, and flat open 
valleys all with elevations close to 2600 feet (the most recent 
peneplain) make up most of the area. Above 3600 feet the sur- 
face is steeply mountainous. 

W eathering—Weathering may give a clue to the composition 
of the feldspars present. There is a close correlation between 
the topographic zones and the degrees of weathering; in general, 
the flatter and lower slopes are more deeply weathered. The 
inost deeply weathered rocks are found in the 2600- and 3100-foot 
surfaces, where decomposition may reach a depth of 50 feet or 
more. The massive pegmatites resist weathering better than the 
country rock and commonly cause waterfalls, e.g. Crabtree Falls. 

Influence on Mining—The topographic location and weather- 
ing determine the formation of the commercial residual kaolin 
deposits and make available their associated fine mica, and also 
influence the mining of sheet mica and potash feldspar. All of 
the exploited kaolin deposits are located at or near the 2600 foot 
elevation. 

Numerous sheet mica and potash feldspar mines lie between 
2600 and 3100 feet in elevation, and in many of these the opera- 
tions have extended only to the depth of hard rock. The reasons 
for this are, lack of capital for installing machinery, and the 
higher cost of mining in hard rock. The plagioclase, which is 
commonly present in both mica and potash spar mines, weathers 
before the muscovite or potash feldspar, so that even though the 
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pegmatite may be largely weathered, the chief commercial min- 
erals may still be suitable for use. 

Effect on Feldspars.—Albite and oligoclase are the first min- 
erals to decompose and tend to become mostly decomposed before 
potash feldspar is much affected. Commercially this is important, 
as in general plagioclase is more mixed with quartz than is the 
potash feldspar, so that it is not recoverable from most pegmatites, 
even when fresh. The contrast between potash feldspar and 
plagioclase feldspar is well shown in coarse microcline perthite 
in which the narrow albite lamellae are partly weathered out, while 
the microcline is still quite fresh. 

The ordinary coarse plagioclase and microcline can usually be 
readily distinguished when weathered, as the latter yields a uni- 
form product, while the former presents a laminated effect. The 
laminae are parallel to the composition planes of albite and peri- 
cline twins, and are more prominent in the latter type. 

Plagioclase is more abundant than potash feldspar in the dis- 
trict and most of the kaolin mined is weathered mainly from 
plagioclase. 

THE PEGMATITES. 
General Character. 

The common pegmatites of the world consist mainly of potash 
feldspar (mostly microcline-perthite), quartz, and muscovite. 
However, in most of the Spruce Pine pegmatites, potash feldspar 
is generally subordinate to plagioclase. These pegmatites may 
be classed as leucogranodiorite pegmatites (Johannsen). Less 
abundant than these are types in which potash feldspar is entirely 
absent, or is equal to plagioclase, or predominates largely over 
plagioclase. 

Three different stages of crystallization discussed further 
under Types of Texture are recognized. 


1. The magmatic (pegmatitic-magmatic) stage. 
a. Constituents intermingled. 


b. Constituents segregated into rude bands. 
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2. The late magmatic stage, influenced by stress. 
a. Deformation of primary plagioclase and growth of mus- 
covite. 
b. Veins and shoots of quartz and muscovite. 
3. The cataclastic stage. Granulation and recrystallization fol- 
lowing final consolidation. 


Classification. 

It is impractical to classify many of the pegmatites of the dis- 
trict on the basis of composition and stage of crystallization be- 
cause of variations within individual examples. Instead, the 180 
pegmatites listed and plotted on Map B are classified largely on 
the basis of commercial character, involving fundamental genetic 
differences, into five groups: 


Group I. Common Pegmatites. These yield neither com- 
mercial feldspar nor sheet mica and are the largest 
and most numerous in the district. 

Group II. Pegmatites containing a large proportion of coarse 
oligoclase. 

Group III. Pegmatites mined chiefly for sheet mica. 

Group IV. Pegmatites mined chiefly for potash feldspar, and 
similar smaller pegmatites. 

Group V. Miscellaneous pegmatites, aplites, and other rocks. 


Subgroups A, B, and C, based mainly on mineral composition, 
are explained below for each of Groups I to IV. A number of 
old mines and prospects, for which the character of the pegmatite 
is insufficiently known to permit classification into the above 
groups, are located on Map B by a cross. Most of these mines 
have been described by Sterrett (37), Watts (46) or Urban (43), 
or located by Keith (19, 20, 21). 


Relations to Country Rock. 


The pegmatites, which range from narrow lenticular or ir- 
regular bodies less than an inch wide to large masses of indefinite 
shape, are normally concordant with the foliation of the enclosing 
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gneisses and schists, and seldom break across the foliation. Pinch 
and swell structure is common. Shoots within pegmatites, and 
tongue-shaped pegmatites commonly pitch SE. to SW. 


Chief Constituents. 

The chief minerals, in order of abundance in the district, are 
plagioclase, quartz, microcline, muscovite, biotite, and garnet. 

Plagioclase predominates over potash feldspar in most of the 
pegmatites, and is the only feldspar in some. Moreover, potash 
feldspar is never the only feldspar except in small, irregular bodies 
that cut more calcic pegmatites. The proportion of the anorthite 
molecule in the ordinary plagioclase of different pegmatites ranges 
from about 30 per cent to about 5 per cent (Table I). The pro- 
portion of potash feldspar equals or slightly exceeds that of plagio- 
clase in a few common pegmatites and in pockets or shoots within 
many others. On the whole, the proportion of potash feldspar 
to plagioclase is lower where the plagioclase is calcic oligoclase 
then where the plagioclase is more sodic. Many calcic oligoclase 
pegmatites contain no potash feldspar, or only very little. The 
potash feldspar ordinarily is microcline-perthite. Most of this 
contains macroscopically visible albite lamellae ; however, some is 
micro-perthite. ‘ 

Quartz in general ranges from 25 per cent to 35 per cent except 
in a few pegmatites of Group II. Although the amount of quartz 
cannot be estimated for many pegmatites in which it is more or 
less segregated, nevertheless, it appears that normally the pro- 
portion of quartz in calcic oligoclase pegmatites is lower than in 
more sodic pegmatites. In certain albite-quartz aggregates the 
quartz predominates over the albite. 

Muscovite constitutes up to 10 to 20 per cent of some pegmatites 
and is practically nil in some others. The amount also varies 
widely in different parts of the same pegmatite. Biotite is less 
common than muscovite, but similar in the irregularity of its 
distribution. It occurs both with and without muscovite, espe- 
cially in areas where Roan gneiss predominates. 


The percentage of garnet is very small. Although it becomes 
quite conspicuous locally, it can frequently be removed from the 
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commercial feldspar by magnetic separators. Garnet occurs 
mostly with quartz and muscovite. In the feldspars it is more 
abundant in plagioclase than perthite, especially where plagioclase 
has been deformed. 

Accessory Minerals. 

Of the characteristic accessories found in pegmatites the fol- 
lowing are most abundant in the district : allanite, beryl, columbite, 
samarskite, tourmaline, and uraninite. Less abundant than these 
are some species of columbium, uranium, and rare-earth minerals 
that are uncommon even in pegmatites, such as euxenite, fergu- 
sonite, hatchettolite, microlite, clarkeite, gummite, cyrtolite, urano- 
phane, autunite, and torbernite. 

Miscellaneous accessories are apatite, bornite, chalcopyrite, 
covellite, galena, pyrite, pyrrhotite, and sphalerite ; epidote, thulite, 
and zoisite; and magnetite (in muscovite). 

The following are known from one or more localities : actinolite, 
calcite, fluorite, gahnite, monazite, molybdenite, scheelite, spod- 
umene, talc, and zircon. 


Types of Inner Structures. 

Many pegmatites yield their richest output of potash feldspar 
or sheet mica from shoots or segregations. Smaller, non-com- 
mercial bodies are even more numerous. The following types 
of inner structures are described under Group IIT and Group IV. 


Shoots or pockets that differ from the enclosing pegmatite in possessing 
one or more of the following features: 
Coarser grain. 
A higher ratio of perthite to plagioclase. 
A lower proportion of anorthite molecule in the plagioclase. 
Zoned or banded pegmatites and shoots commonly show: 
Segregation of quartz from feldspar. 
A zonal distribution of plagioclase and perthite from walls inward. 
A zone carrying large books of primary muscovite. 
A higher ratio of plagioclase to perthite in the lower portion of a zone 
than is found in the upper portion. 
Secondary shoots of quartz and muscovite. The larger and coarser of 
these yield much of the commercial sheet mica. 


The processes concluded to be responsible for concentrating 
the perthite and muscovite, of the structures are diffusion, sinking 
of the first formed crystals (oligoclase), and filter-pressing. 
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Types of Texture. 


The grain size and fabric differ in the several Groups of peg- 
matites and even in a single pegmatite. The more common and 
abundant types of textures are described in this section; textures 
transitional between types are common. Other textures are de- 
scribed with the group of pegmatites in which they occur, or with 
the structure of which they are a part. 

I. Magmatic Stage——By far the greater part of the present 
constituents of the pegmatites crystallized originally during Stage 
t. The textures and structures of this stage are called primary. 
In a majority of the pegmatites, secondary structures and tex- 
tures were later superimposed. for the most part, the plagio- 
clase and perthite belong to the magmatic stage, with the plagio- 
clase preceding and in part crystallizing along with the perthite. 
The evidence for this is discussed in a later section. Textures 
aand b are referred to Stage 1-a. For the textures of the banded 
pegmatites see Group IV, Juner Structures. 


Texture a: Giant-granite texture. Feldspar size, 1 inch to 2 feet; 
smaller sizes predominate. The perthite tends to be slightly coarser than 
the plagioclase, but adjacent crystals may have approximately the same 
size. 

Texture b: Pegmatitic. The feldspars are more or less intergrown with 
the quartz. Feldspar individuals 6 inches to 2 feet across are most com- 
mon. Strictly “graphic” intergrowths are not plentiful. Generally the 
shape of the quartz is tabular in perthite (Fig. 10) and is more irregular 
in plagioclase. Calcic oligoclase is seldom intergrown with quartz. 

Texture c: Euhedral and subhedral perthite in a finer grained aggregate 
of oligoclase and quartz. The size of the perthite ranges from 6 inches to 
2 feet; the maximum size of the oligoclase may be one-third of the size 
of the perthite, and smaller grains or fragments may predominate. 
Quartz within the perthite may be quite subordinate compared to the 
amount of quartz with oligoclase. In the oligoclase-quartz aggregate the 
ratio is generally about 3 to 1; the quartz is partly intergrown and partly 
intergranular. In places, the plagioclase is broken and there are trains 
of small muscovite, indicating deformation. It is concluded that: (1) 
The oligoclase crystallized before the perthite. (2) In the residual liquor, 
diffusion was facilitated, and the perthite formed large crystals that were 
able to make space for themselves by pushing aside the oligoclase “ mush.” 
(3) Some silica may have been squeezed off. (4) This type is inter- 
mediate between the magmatic textures and Texture f. 


2. Late Magmatic Stage—In the majority of the pegmatites 


the magmatic crystallization was brought to a close by stress re- 
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sulting in secondary textures and the expulsion of residual liquors. 
“Replacement”? by metamorphic plagioclase, described below 
under Replacement in Stage 2-a, and considerable replacement 
by muscovite and quartz occurred during Stage 2. Textures d, 
e, and f belong to Stage 2-a. Texture g and the commercial 
quartz-muscovite shoots described under Group III pegmatites, 
Inner Structures, are the characteristic features of Stage 2-b. 


Texture d: Muscovite-oligoclase. Flakes or flat books of muscovite up 
to 1 inch or more in breadth lie in cracks in oligoclase and between the 
broken fragments, in some cases producing a rude foliation. The larger 
oligoclase fragments are one to two inches long (Fig. 2). If quartz is 
present it lies more within the oligoclase than with the muscovite. There 
are gradations from texture a to this type. With the development of 
definite augen structure and decrease in the size of the oligoclase and 
muscovite, there are gradations into texture e. 

Texture e: Oligoclase augen texture. The oligoclase fragments are 
up to 1 inch long and the muscovite flakes have a maximum breadth of 
one quarter inch in a typical specimen (Fig. 3). This type grades into 
texture d. 

Types d and ¢ are protoclastic. Such textures are generally called meta- 
morphic (15, pp. 299-300). 

Texture f: Perthite-plagioclase-quartz-muscovite. The plagioclase has 
been fragmented more than the perthite and commonly yields curved 
cleavage faces. The percentage of An generally ranges from 10 to 15 
per cent. The perthite individuals range in size from a few inches to 2 
feet; they may be subhedral, or rounded, or have reentrant angles (Figs. 
14 to 22). A small amount of plagioclase may be as coarse as the smaller 
perthite; however, since most of the plagioclase has been deformed, 
determination of its original grain size is impossible. In masses free 
from other minerals, the size of the plagioclase ranges from 6 inches to 
2 feet. Veinlets of albite may cut the perthite. Scrappy muscovite up to 
2 inches broad in places occurs in the plagioclase (Fig. 22). Quartz 
is irregular in distribution and texture. It is more plentifully inter- 
grown with the plagioclase than with the perthite, and differs in fabric 
in the two feldspars (Figs. 10, 24, 25, 26, 27). This texture is abundant 
in the pegmatites of Groups I-B and IV; it is well exposed south of the 
branch at the McKinney feldspar mine, No. 58. The citation of this 
locality by Hess (10, p. 459) implies a belief in the metasomatic origin 
of the plagioclase there. The origin of this texture by metamorphism of 
primary plagioclase and perthite is discussed under Replacement in 
Stage 2-a. 

Texture g: Quarts-muscovite streaks. Irregularly shaped concentra- 
tions of quartz and muscovite occur locally in many pegmatites; either 
mineral may predominate. The shape and size of the muscovite vary 
from thin plates less than 1 inch broad to wedges more than 3 inches 
across. The streaks are a few inches to a few feet long (Fig. 9). The 
surrounding pegmatite shows deformation and has evidently been the 
gathering ground of the material of the streaks. This crystallization is 
designated Stage 2-b. 
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3. Cataclastic Stage—A number of secondary textures were 
produced by stress applied after final consolidation of the peg- 
matite. If muscovite was formed, the flakes were notably small 
compared with those in earlier stages. In these textures, except 
type /, the original grain-size of the feldspars has been obliterated 
and garnet has commonly developed. These textures are found 
mainly in Group I pegmatites. Except for types and j they 
are not abundant. 


Texture h: Potash feldspar augen pegmatite. The augen range in size 
from I inch to 2 feet, and in shape from nearly rectangular to that of Fig. 
4. The plagioclase is smaller than the potash feldspar; this is held to be 
the result of crushing oligoclase of large original grain size. Small flaky 
muscovite may be present. This is an abundant type in Group I-B. 

Texture j. The plagioclase has been crushed to fragments, less than 
one half an inch in size, and a platy foliation has developed by the growth 
of muscovite flakes. The flakes are small, flat, isolated from each other, 
less plentiful than in texture e, and ordinarily do not exceed one fourth 
of an inch in length. This texture is found mainly in Groups I-A and 
I-B. 

Texture k: Cataclastic pegmatite without mica. The feldspars have 
been crushed to less than one half inch fragments (Locality No. ror). 

Texture 1: Cataclastic pegmatite with flaky muscovite. The feldspar 
fragments range from 0.1 to 3 inches; distinct augen are not present. 
The muscovite ranges from minute flakes to crinkled flakes and thin books 
about one half inch broad, and is oriented at random (Locality No. 131). 
It occurs in a limited number of pegmatites of Subgroups I-B and I-C. 

Texture m: Fine cataclastic pegmatite with flaky muscovite. The maxi- 
mum size of the feldspars is about one half an inch (See Fig. 5, Lassiter 
mine, Long Branch, Group [IV—A, No. 254; also Figs. 6, 7). This type 
occurs in pegmatites of Group I-B. : 


Contact Phenomena.—Contact phenomena include recrystalli- 
zation of mica schist, alteration of hornblende to biotite, and the 
replacement of the schist by beryl, tourmaline, and large musco- 
vite books. 

The recrystallization of muscovite schist to a coarser aggre- 
gate at the contact is common, and the occurrence of large books 
of mica in the schist walls of mica mines is not considered un- 
usual by the miners. However, occurrences of beryl and tour- 
maline are not common and are definitely known only at Nos. 
143 and 256, Group V (see below). 

Age—Calculations from analyses of uranium minerals indi- 
cate that the pegmatites are of late Paleozoic age (12). 








64 


FiG. 
Fic. 
Fic. 


Fic. 


yt 





C. S. MAURICE. 


AULT EDEL 
en 


ay 
= 


ry 


merece 





Microcline augen in Texture /h. 

Cataclastic pegmatite. See Texture m. 

Cataclastic structure from No. 232. See Texture m (8). 
Part of same section as Fig. 6 (X 8). 
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Group I. Common Pegmatites. 


Group I includes common and abundant types of pegmatites 
that are not worked for sheet mica and feldspar. However, 
much kaolin and flake mica is recovered from them. In shape 
they range from thin, irregular injections to lenticular bodies 
and indefinite masses. The width varies from a fraction of an 
inch to perhaps a quarter of a mile, and in an area of more than 
a square mile, near Spruce Pine, pegmatite predominates over 
the country rock. They contain shoots classified as Groups III 
and IV. 

Classification.—The various pegmatites of Group I are classi- 
fied according to composition and texture as follows: 

Group I-A. Without potash feldspar. The feldspar is 
usually calcic oligoclase. The proportion of quartz ranges from 
o to 25 per cent, and of muscovite, from 0 to 10 per cent. 

(1) Predominantly massive: The textures are types a@ and g. The 
maximum grain size is about 8 inches; 1 to 2 inch individuals are 
more frequent. Nine examples. ; 

(2) Foliated: Characterized by textures d and ec. Ten examples. 

Group I-B. With perthite subordinate to oligoclase. The 
percentage of the anorthite molecule ranges from 27 to 12. The 
proportion of potash feldspar may change from practically nil at 
one point to 50 per cent a few feet distant. Quartz constitutes 
25 to 35 per cent.. Muscovite is usually less than 15 per cent. 
Garnet and larger proportions of flaky muscovite appear in the 
metamorphosed varieties. The effects of deformation vary 
within individual pegmatites; the examples are listed in one of 
the following groups according to the predominating texture. 
(1) Predominantly massive: textures a and b. Most of the examples 

are coarse grained.. Ten examples. 

(2) Texture irregular: types f, h, and 7. Shearing occurs locally. 
Twenty-four examples. 

(3) Augen pegmatite. The smaller augen of texture h predominate. 
Nine examples. 

(4) Cataclastic pegmatites. The textures are mainly type m; types 7 
and k are less abundant. Seven examples. 

Group I-C: With equal proportions of perthite and oligoclase. 
The oligoclase is sodic, An 21 to An 13. Qvuartz constitutes be- 
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tween 25 and 35 per cent. Textures / and m predominate. 
Three examples. 


Group II, Pegmatites Containing Coarse Oligoclase. 


The essential component of Group II pegmatites is coarse, 
massive oligoclase, An 29 to An 13. As described under Classi- 
fication, the amount and distribution of quartz varies consider- 
ably. Small proportions of perthite and very small amounts of 
muscovite, biotite, garnet, epidote, and apatite may also be present. 

Size and Shape-——These pegmatites are lenticular in shape and 
range in width from 6 to 200 feet. 

Inner Structure—Perthite, if present, is usually confined to 
a small inner mass or masses of limited longitudinal extent, and 
in some cases quartz forms central masses. Books of A-mica 
may be scattered in portions of the pegmatite; with increase in 
the proportion of commercial mica associated with quartz, there 
is transition to pegmatites of Group III, e.g., No. 412. 

Texture——The grain size of the oligoclase ranges from 3 to 
i2 inches. On account of the segregation of the perthite and 
quartz, the crystallization is referred to Stage 1-b. 

Commercial Feldspar—Many of these pegmatites are weath- 
ered as far as they are exposed, so that the oligoclase is rendered 
unfit for use. Excessive amounts of iron shown by some chemi- 
cal analyses appear to occur in light greenish secondary mica that 
is not readily removed by magnetic separators. 

In a few very large examples are bodies of potash feldspar 
large enough for extensive mining (Nos. 187 and 442). How- 
ever, in each case the ratio of perthite to oligoclase is very low in 
the pegmatite as a whole. 


Classification—Examples of Group II are classified in two 
sub-groups as follows: 

Group III-A: Pegmatites without quartz midriff. Small 
amounts of segregated quartz may be present. Calcic oligoclase, 
An 29 to An 22. Seven examples. 

Group II-B: Pegmatites with quartz midriff. Sodic (?) 
oligoclase. The proportion of quartz in some of the examples, 
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e.g., No. 423, is much larger than in others, e.g., No. 455. With 
increase in the amount of perthite there are gradations to Group 
IV pegmatites. Five examples. 


Group III, Pegmatites Mined Chiefly for Sheet Mica. 


Sheet muscovite occurs in commercial deposits in the following 
types of pegmatites, each showing various degrees of segregation 
of the constituents : 

1. Oligoclase-muscovite-quartz pegmatites. 
a. Banded. 
b. Non-banded. 
2. Oligoclase-perthite-muscovite-quartz pegmatites. 
a. With distinct central quartz bodies. 
b. Lacking a distinct quartz body, and with relatively large amounts 
of perthite. 
c. Lacking a distinct quartz body, and with relatively small amounts 
of perthite. 
3. In secondary quartz-muscovite shoots, within various types of 
pegmatite. 

Group III comprises pegmatites that have been worked mainly 
for mica. Groups IIJ—A and III-B comprise pegmatites having 
one or more of the above genetic types of mica except 2-a and 
2-b, which are treated in Groups II and IV. In Group III-C are 
listed a few mines whose composition and structure are not 
known. The proportions of the total output of mica obtained 
from Group III and Group IV pegmatites cannot be accurately 
estimated, as much of the output has come from small pegmatites 
of unknown character. A number of old mica and feldspar 
mines, described or located by Keith, Sterrett, Urban, or Watts, 
are indicated by a cross on Map B. Probably the majority of 
the large mica mining operations have been in pegmatites of 
Groups III-A and III-B. 

Shape and Size-—The form of most of the pegmatites of the 
typical mica mines ranges from lenticular to tongue shaped. The 
width is variable, the vein may pinch or swell much beyond the 
average width (No. 251). In some cases the swellings are 
moderate and numerous and the vein is locally referred to as the 
“pod” type. A number of good producers have been only a few 
inches wide, most veins average 4 to 6 feet wide, and some are 
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larger. Shoots in common pegmatite are also worked. The 
length of outcrop of these pegmatites varies from a few inches 
or feet up to 200 yards or more, rarely up to a mile. 

Pegmatites have been followed down dip for 700 feet, in some 
cases without diminished values, but the Gibbs mine (No. 41) 
was reported to have become lean at this depth. This pegmatite 
was tongue shaped; the breadth was about 200 feet and the thick- 
ness 10 to 20 feet. One of the Poll Hill pegmatites (No. 231) 
is reported to have been a good producer at 700 feet down the 
pitch. Some of the tabular pegmatites (the Clarissa, No. 275), 
have been mined to a depth of 400 feet. 

At some mines a number of large or small lenses overlap (Nos. 
54 and 231). At No. 249, two narrow tongues, separated by 
I to 2 feet of schist, run side by side for at least 100 feet. 

Quartz-mica shoots of Type 3 occur not only in relatively 
narrow pegmatites, described below, but also in large common 
pegmatites, and associated with pegmatites of Group IV. 

Composition —The chief constituents are plagioclase, quartz, 
perthite, and muscovite. Biotite and garnet may be present. 
The predominating mineral is plagioclase, generally calcic oligo- 
clase. However, workable mica shoots occur in pegmatites con- 
taining sodic oligoclase or albite (Nos. 47, 185, 310) as the main 
constituent. 

If perthite occurs, the amount is small. The variation in the 
amount of potash feldspar may be due partly to primary differ- 
ences in the composition of the pegmatite and partly to segrega- 
tion. The mosi calcic pegmatites contain perthite in fewer cases 
or in less amount than those in which the oligoclase is sodic. 
More abundant perthite gives transitions to Group IV pegmatites. 

Quartz, if evenly distributed, constitutes about 25 per cent of 
the mass; but in parts of some pegmatites it amounts to 50 or 
75 per cent. 


Muscovite seldom averages more than Io per cent of any peg- 
matite, and according to Urban (43, p. 5) in the successful 
Fanny Gouge mine, the amount of sheet, scrap, and waste mica 
recovered during a representative period was estimated at 4 to 6 
per cent of rock broken. Contrasting with this small proportion, 
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is an estimate of 40 per cent in the quartz-muscovite shoots of the 
Chestnut Branch mine (No. 251). 

The Mica.—The color of the muscovite ranges from rum, to 
brown, colorless, and greenish, except where it is so specked with 
magnetite as to appear almost black. The books are partly 
“flat,” and partly the varieties known as A-mica, and are com- 


“cc 


monly “ruled” or bent. There is much small scrap mica. 
Commercial flat rum mica is recovered chiefly from Group III 
pegmatites. 

Inner Structures——Comparatively few pegmatites of this group 
have uniform distribution of minerals. Perthite, if present, is 
generally concentrated toward the middle of the pegmatite, and 
in some case mica is also. Central shoots of quartz and mica, 
grading outward into oligoclase, occur in No. 249, where the mica 
books commonly range from 3 to 12 inches in diameter; smaller 
ones occur with a little quartz in the oligoclase zone. The grain 
size of the oligoclase increases inward to at least 8 inches. Many 
of the variations in texture are attributed to protoclastic deforma- 
tion. These variations, together with the central location of the 
shoot, suggest that genetically the shoot is intermediate between 
primary banded oligoclase-perthite-quartz structures and the com- 
mon secondary quartz-muscovite shoots. It is reputed that this 
type of occurrence is not unique. 

Mica “ streaks ” or “ veins ” can be followed for long distances 
through some pegmatites and even, in exceptional cases, through 
the neighboring schist (No. 231). In a number of mines these 
structures appear to replace oligoclase pegmatite along zones of 
rupture, and their character is thought to vary with the type of 
rupture. Much mica is also recovered from long streaks that 
consist of both large and small books of muscovite accompanied 
mainly by quartz. According to descriptions by miners these 
streaks may be 100 or more feet long. In places, the streaks are 
well defined, although narrow and without sharp contacts, or the 
large mica books may be separated by several feet of barren 


pegmatite though still connected by a “ tracer” containing small 
muscovite. The pegmatite enclosing such shoots as these is 


thought to have been relatively little deformed before mineraliza- 
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Muscovite “streak” in oligoclase band; length, 20 feet. 
Muscovite-quartz “streaks ” cutting oligoclase pegmatite 
Perthite-quartz “ corduroy ” (X 7/8). 

Albite (white) largely replaced by quartz (X 3/8). 
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tion. In other cases, the quartz and muscovite are more widely 
distributed through the oligoclase pegmatite in smaller books and 
masses, along what appear to have been closely spaced fractures 
(Fig. 9). Many shoots consisting chiefly of mica and quartz 
occur at the contact of oligoclase pegmatites and the wall rock; 
these may have made space for themselves by pushing the walls 
apart, or also by replacement of the wall rock and the peg- 
matite. They occur in restricted zones at one or both contacts, 
especially where the pegmatite pinches, and at the edges of len- 
ticular tongues. In such cases there is ordinarily a transition 
from muscovite-quartz aggregates at the wall to oligoclase peg- 
matite with little or no muscovite. Large books penetrating into 
the schist walls are not uncommon. With decrease in the per- 
centage or in the size of the mica, this type grades into common 
pegmatite. 

On account of the irregular distribution of these shoots they 
are thought to have formed later than the rest of the pegmatite, 
either as replacements of the plagioclase and wall rock, or as in- 
jected bodies. Numerous small fissure -fillings, occurring in the 
country rock, and the unusual occurrence of muscovite at No. 231, 
where a workable shoot transects small pegmatites and schist, 
show that quartz and muscovite bodies crystallized separately 
from feldspar. 

Massive feldspar occurs in parts of a number of narrow peg- 
matites and shoots as a middle band a few feet wide; it may be 
oligoclase or perthite, or both. Most of these pegmatites have 
quartz-muscovite shoots at one or both of the walls. In some 
cases, part of the pegmatite, containing little or no potash feld- 
spar, shows protoclastic structure. As potash feldspar and quartz 
are the last constituents to form in many banded pegmatites, it is 
thought that the constituents of potash feldspar and quartz have 
been expelled from part of the pegmatite to form the quartz- 
muscovite shoots found in other parts of the same pegmatite. 
The examples are classified according to whether they yield 
mainly mica or spar. 

Stages of Crystallization—The oligoclase-quartz-muscovite 
rocks forming the bulk of these pegmatites range from small to 
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coarse-grained aggregates, to coarse, massive oligoclase nearly 
free from quartz. They thus show resemblances to some com- 
mon pegmatites and to soda-lime feldspar prospects of Group II, 
and are classed as partly Stage I-a, and partly Stage 1-b. 

Most of these deposits were ruptured during and after final 
consolidation. Solutions depositing muscovite and quartz (Stage 
2-b) healed the fractures and in some cases replaced the oligoclase, 
depositing some of the commercial mica. Since then, deforma- 
tion has resulted in the bending and ribboning of the mica, the 
straining of the other minerals, and minor faulting. 

Classification—The following classes of Group III pegma- 
tites are recognized : 

Group III-A: Without potash feldspar. Calcic oligoclase, An 
28 to An 22. Six examples. 

Group III-B: With minor perthite. Oligoclase, usually calcic, 
An 27 to An 10; perthite 1 to 25 per cent. Fifteen examples. 

Group III—C: Potash feldspar content and inner structure un- 
known. Some old mines for which a determination of the plagio- 
clase has been made, and some mines whose location has not 
previously been recorded are listed. Six examples. 


Group IV. Pegmatites Mined Chiefly for Potash Feldspar and 
Similar, Smaller Pegmatites. 

The exploitable deposits of potash feldspar that are well ex- 
posed generally carry more plagioclase than potash feldspar. 
However, oligoclase is doubtless the first mineral to crystallize, 
and in some pegmatites mined for potash feldspar the upper por- 
tions are relatively rich in perthite. This is due probably to the 
settling of the oligoclase. ‘The settling hypothesis conforms with 
the observations of others made in the district, that the propor- 
tion of plagioclase tends to increase with depth. Pegmatites with 
potash feldspar much in excess of plagioclase are rare and occur 
only as small dikes and “streaks” that rarely exceed one foot 
in width. 

Potash feldspar is recovered to greater or lesser degree from 
pegmatites described under Groups II, III, and IV. The main 
types of deposits may be distinguished as follows: 











I. Seg 
al 
2. Int 


3. In 


c 
d 


Ty 
Alth 
and | 
spar 
fron 
an 
port 
posi 
perk 
com 
3-C | 
I 
peg 
ext 
larg 
reir 
i 
clas 
con 
ite, 
it ¢ 
yie 

( 

an 
pes 
ant 
N' 


or 


to 








learly 
com- 


ip II, 


final 
Stage 
clase, 
yrma- 
i, the 


gma- 
>, An 


alcic, 
iples. 
e un- 
agio- 
> not 


- and 


l ex- 
spar. 
lize, 
por- 
> the 
with 
ypor- 
with 
yecur 
foot 


from 
main 





SPRUCE PINE DISTRICT, NORTH CAROLINA. 73 


1. Segregated masses in pegmatites that as a whole contain subordinate 
amounts of potash feldspar, i.e., 10 to 25 per cent of the total feldspar. 
. Intermingled with plagioclase and quartz. The potash feldspar con- 
stitutes up to 50 per cent of the total feldspar. 
3. In zoned or banded pegmatites. 
a. With quartz midriff: perthite rarely in excess of plagioclase. 
b. With disseminated quartz: perthite abundant, 7.c., 25 to 50 per cent 
of total feldspar. 
c. With disseminated quartz: perthite subordinate to plagioclase. 
d. Deficient in quartz: perthite usually subordinate to plagioclase. 


LS) 


Types 2, 3-a, 3-b, and their variants are treated in Group IV. 
Although Types 3-a and 3-b often yield commercial muscovite, 
and although some examples were worked for mica alone before 
spar mining began in the district, they are nevertheless excluded 
from Group III. 

The well exposed bodies of Type I that are commercially im- 
portant belong to Group II-A. Some small, but workable, de- 
posits of potash feldspar in sodic oligoclase common pegmatite 
perhaps belong to Type 1, but they are thought to be of little 
commercial importance compared with the other types. Types 
3-c and 3-d are described above with Group III pegmatites. 

It is uncertain whether Type 3-a is genetically distinct from the 
pegmatites in Group II-B. The latter may represent the lower 
extremities of pegmatites that on the whole contained much 
larger proportions of perthite than is present in the erosional 
remnants now visible. 

Many of the pegmatites in Group IV yield commercial plagio- 
clase. However, in the majority of mines, the plagioclase is more 
contaminated with quartz or more decomposed than is the perth- 
ite, so that even though there is a large amount of plagioclase, 
it cannot be utilized. The majority of the mines in this Group 
yield much more potash spar than soda spar. 

Occurrence-——Group IV pegmatites occur as injected bodies 
and segregation pockets within, or at the borders of large common 
pegmatites (Group IV—A) and as conformable lenses in gneisses 
and schists (Group IV—B). Most of them strike NE., a few 
NW. In Group IV—A, the bodies that are tabular, lenticular, 
or tongue shaped, are referred to as shoots, in contradistinction 
to true segregation masses, which are called pockets. 
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Size and Shape—The pegmatites are mostly tabular, lenticular, 
or tongue-shaped, and are mostly less than 70 feet wide. How- 
ever, the old Buna Wiseman mine (No. 418) was at least 150 
feet in diameter, and on the other hand some streaks of potash 
feldspar only a foot or two wide have been mined where the 
plagioclase part of the pegmatite was decomposed. A number 
of small circular surface pits have been made on potash feldspar 
prospects which turned into low grade or barren plagioclase quartz 
pegmatite a few feet below the surface. Of the elongated de- 
posits, several operated by open cuts and inclines are at least 300 
feet in length with a maximum of 650 feet exposed at the Chestnut 
Flats mine (No. 2). Some of the commercially important shoots 
and pockets are sub-spherical, but the majority of them are tabular 
or tongue-shaped, with a width of 10 to 30 feet. 

Composition.—The principal minerals of Group IV pegmatites 
are plagioclase, perthite, and quartz; muscovite, biotite, and 
garnet may be present. Some of these pegmatites were worked 
solely for mica before 1916. 

The ordinary plagioclase ranges in composition from An 24 
to An 5 (Table I). However, there are few mines in which 
oligoclase is more calcic than An 18. The composition of the 
plagioclase is generally the same throughout any one shoot or 
lens; but at Nos. 270 and 312 the much deformed plagioclase is 
less calcic than the undeformed. 

In many instances the ratio of perthite to plagioclase cannot 
be estimated for the pegmatite as a whole, as the two feldspars 
tend to be more or less segregated from each other. Locally, 
either feldspar may be absent, but well exposed examples of peg- 
matites in which plagioclase is subordinate to perthite in the body 
as a whole are not known. In many of the larger mines, the 
operations have been confined chiefly to the perthite-rich portions, 
so that the plagioclase is incompletely exposed. The long inclines 
at the Pink mine on English Knob (No. 8) and the Chestnut 
Flats mine (No. 2) show very little plagioclase in the upper parts ; 
but lower down, the proportion of coarse plagioclase is at least 
equal to that of the perthite. In an exceptional case, at No. 254, 
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a narrow shoot of perthite and quartz with very little oligoclase 
between it and the common pegmatite has been mined out—about 
50 feet long, 3 feet wide, and 10 feet deep. Similar non-com- 
mercial bodies rich in perthite but more irregular and smaller, 
are to be seen in ledges of common pegmatite (Nos. 247 and 
424) and in some kaolin pits and road cuts, but are distinctly 
subordinate to those with larger proportions of plagioclase. The 
minerals in four narrow dikes at No. 144 (the widest is only 14 
inches across) are not uniformly distributed; either oligoclase, 
perthite, or quartz may predominate locally over the other two 
combined. In general, plagioclase is equal to or predominates 
over potash feldspar in pegmatites of Group IV. 

Muscovite is variable in size, habit, and quantity. Much of 
the smaller sizes is secondary. 

Coarse biotite is rare in Group IV pegmatites; however, books 
as wide as 8 inches do occur in oligoclase (Nos. 91 and 277). 
Thin flaky sheets or laths of biotite intergrown with muscovite, 
apparently formed in ruptures, are much more widespread; the 
sheets are mostly less than 4 inches long and one sixteenth of an 
inch thick. But some, which give less evidence of having formed 
in cracks, are as much as 2 feet long and one half of an inch 
thick (No. 277). 

Garnet is widely distributed in very small amounts (less than 
I per cent), especially in deformed pegmatite. It occurs in 
plagioclase, quartz and muscovite, and at their contacts, and to 
a minor extent in perthite. It is fairly readily removed from the 
spar by magnetic separators. 

Inner Structures——In general one finds an increase in the ratio 
of perthite to plagioclase towards the middle of these pegmatites, 
as in pegmatites of other groups. 

In a few pegmatites the plagioclase is completely separated 
from the perthite (e.g. Goog Rock mine, No. 38). Other peg- 
matites show different degrees of intermingling of the feldspars 
in the interior portion. Most examples of zonal distribution of 
the feldspars differ from the above in having an intermediate 
zone of mixed perthite and plagioclase between the plagioclase 











76 C. S. MAURICE. 


zone and the perthite zone. Some show plagioclase mixed with 
the perthite all through the pegmatite and in these, the marginal 
parts contain no perthite; in general, the ratio of perthite to 
plagioclase is highest toward the middle. Several pegmatites 
depart somewhat from the above structure in that they contain 
‘ pods,” of quartz, with perthite adjacent. 

The occurrence of central masses of quartz does not appear to 
be a fundamental characteristic of any pegmatite, for at the Goog 
Rock mine, No. 38, quartz is found in only a part of the central 
zone, its place elsewhere being taken by a coarse mixture of 
perthite and quartz, or by an unsymmetrical middle zone in which 
the perthite occurs mostly on one side and the segregated quartz 
on the other. Examples of the latter condition are numerous. 


lenses, or 


Transitions from an aggregate relatively rich in perthite, and 
lying contiguous to a quartz midriff, to an aggregate also con- 
tiguous to the midriff in which the plagioclase predominates, occur 
at the Putman, Hollifield, and Drawbar mines (Nos. 91, 46, and 
260). In the first, perthite is adjacent to an inclined tabular 
quartz body in the upper part, but farther down, plagioclase is in 
contact with the quartz, and the proportion of perthite at the 
lower level is smaller. In No. 46, the pegmatite changes along 
the strike from perthite and plagioclase zones, with no definite 
quartz body, to one with a quartz midriff bounded by massive 
plagioclase in which is a little quartz and a few individuals of 
perthite and muscovite. In No. 255, the character of the spar 
changes along the strike within 20 feet from soda spar with but 
little perthite to the reverse relation. In the old Flat Rock mine 
(No. 119) which was worked in 1933 for potash spar, a quartz 
body 9 feet thick is bounded by coarse massive oligoclase, al- 
though farther along the strike the ratio of potash spar to soda 
spar, recovered, was 6 to I. 


Masses of perthite and quartz, in which the quartz is partly 
intergrown with the perthite, partly distributed between perthite 
individuals, and partly in larger masses separated from massive 
perthite, are common toward the middle of a shoot or lens. 
Small amounts of muscovite may be present, generally between 
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the perthite and the quartz. In six or more instances, the middle 
part of the pegmatite was unsymmetrical, the perthite being on 
one side and the quartz being mostly on the other; in all the in- 
clined pegmatites, the perthite was on the lower side. 

Large muscovite occurs in some spar mines and is absent from 
others that differ in no other significant respect. The books are 
mostly wedge shaped, less than 10 inches long, greenish, and 
specked with magnetite. They occur in oligoclase bands, and 
between perthite and quartz, but seldom within bands of perthite. 
Although normally distributed along a plane (Fig. 8), the indi- 
vidual muscovite crystals are isolated in primary pegmatite, dif- 
fering fundamentaily in this respect from those in secondary 
shoots of Group III pegmatites. Contrasting with this condi- 
tion, at the Staggerweed mine (No. 49), flat, rum colored mica 
occurs at random in the spar shoot. Books of muscovite are also 
found within masses of quartz near the contact with the perthite 
zone. Scrappy books and wedges of muscovite in places occur 
between an oligoclase zone and one of perthite. 

Quartz-muscovite veins and shoots cut across some of the peg- 
matites and may yield commercial mica. 

Textures—A number of aggregates and textures have been 
mentioned above in connection with types of inner structures. In 
these the grain size of the feldspars ranges from 6 inches to 12 
feet. Giant granite texture is not common, since even where 
the perthite is not intergrown with quartz, the plagioclase gen- 
erally is intergrown, making a texture intermediate between types 
a and b. Some Number 2 potash and soda spars are obtained 
from pegmatites having the pegmatitic texture, type D. 

A considerable part of Group IV pegmatites have a texture 
intermediate between types c and f. These pegmatites may con- 
tain structures consisting of a pod of massive quartz with perth- 
ite adjacent. Other variations are due to protoclastic and 
cataclastic deformation. These are commonly accompanied’ by 
diverse types of muscovite, such as the plumes of muscovite and 
quartz that are well exposed on the dump of No. 13. 

Classification.—As most of the members of Group IV ordi- 
narily exhibit variations in structure, composition, and texture, 
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it is impractical to classify them on the basis of these factors. 
Three sub-groups are recognized: 


Group IV-A: Shoots in common pegmatite. Fifty-five ex- 
amples. 


Group IV—B: Pegmatites in gneiss and schist. Thirteen ex- 
amples. 

Group IV—C: Not classified as Sub-groups A or B; some 
originally worked for mica alone; twenty-one examples. 


(To be concluded in the following number.) 
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THE VAUCLUSE GOLD MINE, ORANGE COUNTY, VA." 
CHARLES E. BASS. 
ABSTRACT. 


The Vaucluse gold property has been worked intermittently 
since gold was discovered in 1832. The latest operation was car- 
ried on by the V—M Corporation from March 1935 to Novem- 
ber 1938, producing 26,452 tons of ore of $143,760 gross value, 
of which $91,569.36 was won in 1938. 

The host rock is a quartz-sericite-chlorite schist. The workings 
lie wholly within a well-defined shear zone up to 40 feet in width, 
which has been traced along the surface for several miles. The 
shear zone strikes N. 40°-60° E. and is conformable with the 
schistosity of the enclosing rock. 

The ore is in shoots that pitch NE. at angles ranging between 
30° and 70° and conform to fluting in the shear zone. The ore 
occurs along the walls of the shear zone and the location of the 
shoots was controlled, partly at least, by pre-mineral fractures. 

Quartz, sericite, and ankerite make up most of the gangue and 
chlorite is abundant in the enclosing rock. Abundant pyrite is 
the only important sulphide; some chalcopyrite and galena are 
generally present. Gold is the only mineral of economic value 
and is intimately associated with the pyrite. 

The ore was milled on the property and flotation concentrates 
were shipped to a smelter. Direct mining, milling, and shipping 
cost per ton, from December 1935 to November 1938, was $4.56. 
Approximately 4,500 feet of core drilling was done below the 
300-foot level, which indicated about the same conditions as those 
present above this level. 
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INTRODUCTION. 


Tue Vaucluse property of 200 acres is in northeastern Orange 
County, Va., 18 miles west of Fredericksburg and 2 miles north 
of Wilderness Post Office. From March 1935 until closed in 
December 1938 the property was operated by the V—M Corpora- 
tion. Much of the information in this paper was obtained during 
this period. 

History.—The mine was first worked in 1832 and operated for 
several years on placers and the decomposed surface parts of the 
mineralized zones before the lodes were discovered. Since that 
time it has been worked intermittently. In 1844 it was purchased 
by the Liberty Mining Co. of London who worked the lodes 
through two open cuts, each about 60 feet deep, 75 feet wide, and 
120 feet long.* By 1854, six shafts had been sunk over a strike 
length of one-half mile and extensive underground development 
was done. This company installed a 50-ton plant and milled ore 
reported to average $8.00 per ton, but operations ceased with the 
Civil War. The property was later purchased by Henry Ford 
to obtain the old mining machinery for his museum at Dearborn, 
Mich., and sold by him in 1934 to the Rapidan Gold Corporation, 
who did a small amount of development work, and in 1935 sold 
it to the V—-M Corporation. - 

The Vaucluse property has been described by several writers, 
the most recent being Lonsdale * and Park.* 

Production.—Early production figures from the property are 
not available but from surface indications (Fig. 1) andthe history 
of early gold mining in Virginia it is probable that the mine 
yielded a large part of the State’s production between 1833 and 
1860. From December 1935 until closing, 26,452 tons of ore 
yielded 4,305.3 ounces of gold with a gross value of $143,760.56, 
or $5.43 per ton. Approximately 1,500 tons of this material, 

2 Private report of O. Matthews and a committee to the board of the Vaucluse 
mine, 1847, on file in the Geological Survey Library. 

3 Lonsdale, J. T.: Geology of the gold pyrite belt of the northeastern Piedmont 
Virginia. Virginia Geol. Surv. Bull. 30, 1927. 

4 Park, C. F., Jr.: Preliminary report on gold deposits of the Virginia Piedmont. 
Virginia Geol. Sury. Bull. 44, 1936. 
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which averaged $3.80 per ton, was produced during development. 
Milling operations were nearly continuous from January to No- 


vember 1938, when 16,685 tons were milled and yielded 2,721.5 





| 





Fic. 1. Surface map showing portion of Vaucluse property, 
Orange County, Va. 


ounces of gold with a gross value of $91,569.36, or $5.48 per ton. 
Of the 4,305.3 ounces recovered, 3,812.3 ounces, or OI per cent, 
was contained in flotation concentrates (paid for at $32.81 per 
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ounce) and 493 ounces were recovered as metallic gold, which was 
liberated during fine grinding. 

W orkings.—The mine is developed by a 2-compartment vertical 
shaft 315 feet deep, with levels at 110 (Fig. 2), 202 (Fig. 3), and 
305 feet (Fig. 4), totaling 1,475 feet of drifts and 695 feet of 
crosscuts. Near the southwest end of the mine an inclined air 
shaft connects the 200-foot level with the surface. Considerable 
underground work has been done above the 100-foot level by 
previous operators. A large part of this work is now inaccessible. 
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Fic. 2. Geologic and assay map of 100-foot level, Vaucluse mine. 


All known commercial ore bodies above the 300-foot level have 
been exhausted. 
GENERAL GEOLOGY. 

The rocks of the Virginia Piedmont include many different 
varieties of schist and gneiss. They have been described by 
Jonas,° Roberts,° and Pegau.’ 

At the Vaucluse mine the rock is a quartz-sericite-chlorite schist, 
which is a part of the Wissahickon formation.* The mine work- 
ings lie within a shear zone (Fig. 4), which has been prospected 

5 Jonas, A. I.: Structure of the metamorphic belt of the Southern Appalachians. 
Am. Jour. Sci., 5th ser., vol. 24, 1932. 

6 Roberts, J. K.: Geology of the Virginia Triassic. Virginia Geol. Surv. Bull. 29, 
1932. 

7 Pegau, A. A.: Pegmatites of Virginia. Virginia Geol. Surv. Bull. 33, 1032. 

8 Geologic map of Virginia. Virginia Geol. Surv., 1928, 
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Fic. 3. Geologic and assay map of 200-foot level, Vaucluse mine. 
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Geologic and assay map of 300-foot level, Vaucluse mine. 
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by pits, shafts, and underground workings for 3 miles along the 
surface. Pits to the north and south of the main Vaucluse shaft 
(Fig. 1), are from 20 to 125 feet wide and are almost continuous 
for one-half mile. They indicate that the shear zone is continuous 
but that individual ore bodies are not. The strike and dip of the 
shear zone nearly conform with the schistosity of the enclosing 
rock, which strikes N. 40° to 60° E. and dips from 80° NW. 
through vertical to 80° SE. 

The shear zone is limited on each side by several feet of thinly 
laminated rock and its width ranges up to 40 feet. Post-mineral 
movement is evident along the shear zone, and to a less extent 


across it. The walls show pronounced grooving and slickensides. 


ORE DEPOSITS. 
Mineralogy. 


The mineral composition of the ore is simple. Quartz, sericite, 
ankerite, chlorite, and calcite are the principal gangue minerals. 
Pyrite with minor amounts of chalcopyrité and galena are the only 
sulphides. Gold, which generally occurs with the pyrite, is the 
only valuable mineral. 

Quartz is the most abundant gangue mineral. It occurs mainly 
in lenticular masses as much as 200 feet long and up to 30 feet in 
width; it also forms stringers along foliation planes in the adjoin- 
ing schist. It is mostly fine-grained, but some coarse-grained 
bunches are present here and there within the lenticular masses. 
The color is commonly white or light gray, but in places it is dark 
bluish gray or reddish brown. 

Sericite is the principal mica in the wall rock schist that en- 
velops the quartz-ore-shoots, and it is concentrated both along the 
walls of the quartz bodies and as thin lenses in their midst. 

Chlorite is a common constituent of the country rock but is 
generally separated from the mineralized zones by layers of seri- 
cite. Where chlorite is found in the shear zone, it is generally 
accompanied by much ankerite with little or no quartz. 


Ankerite and minor amounts of calcite are common in the min- 
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eralized areas and in places they constitute a considerable part of 
the ore masses. Ankerite is milky white and is found coating 
quartz and in layers between ore and schist. Calcite, where pres- 
ent, is associated with quartz and ankerite and fills fractures in 
the ore. In several places, bands of pinkish calcite 2 feet wide 
and from 10 to 12 feet long were found in the schist parallel to, 
but not adjacent to the ore bodies. 

Many other non-metallic minerals, such as biotite, garnet, tour- 
maline, hornblende, actinolite, barite, kyanite, and feldspar, have 
been reported from the area. Of these minerals, only garnet has 
been identified in the mine. 

Pyrite contains most of the gold and is the only abundant sul- 
phide. Under the microscope, the pyrite shows gold in veinlets 
from 10 to 50 microns wide and as isolated inclusions as much as 
25 microns in diameter. Pyrite is irregularly disseminated in the 
quartz and is found in large pockets and masses along the walls 
of the ore zone. Smali crystals occur in the surrounding schist 
but all are barren of gold. Numerous small grains of chalcopyrite 
and galena have been found with the pyrite but flotation concen- 
trates contain only traces of copper and lead. 

Gold is the only valuable mineral recovered. In the sulphide 
zone, it is in microscopic pafticles intimately associated with py- 
rite. In the oxidized zone, it forms veinlets and coarse flakes in 
the quartz. Gold from both zones is of high purity. Mint re- 
turns on 493 ounces of bullion show an average fineness of 9o1 
parts per thousand. 


The Ore Bodies. 


The quartz bodies lie along the walls of the shear zone. The 
west wall is called No. 1 ore zone and the east wall No. 2 ore zone. 
The ore bodies are in part irregular pod-shaped lenses of quartz, 
which taper to quartz stringers or leaders at each end, and in part, 
elongated cylindrical masses that terminate abruptly downward 
and are not connected with other bodies. The lenses conform 
roughly to the schistosity of the enclosing rock but some cut 
across it at low angles. Silicified schist uniformly surrounds the 
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lenses and makes up part of the ore shoots. Many of the lenses 
are compound and some are essentially continuous for several 
hundred feet, as several may lie so closely together that a drift 
face passes from one lens into another without a break in mineral 
composition or value of ore. In planning development, this type 
of deposit must be studied carefully, as a drift may cut the top, 
middle, or bottom of a lens. If cut near the top (Fig. 5), little 
accessible ore would be found above the drift. 

The widths of the lenses range from a few inches to 30 feet and 
the lengths from a few inches to more than 200 feet, but the 
average width is about 4 feet and average length about 50 feet. 
The ore shoots pitch to the northeast (Fig. 5) at angles that 
range between 30° and 70°. 

Many small irregular lenses ranging from a few inches to 10 
feet in length and from 1 inch to 2 feet in width are irregularly 
scattered in the shear zones but have no economic importance. 
These lenses exhibit the same characteristics as the larger bodies 
and occur under similar conditions. 

To judge from the many remnants of partly digested wall rock 
that it contains, the ore was formed largely by replacement. The 
schist wall rock is silicified to different degrees near the walls of 
the ore lenses and in places partial silicification extends as much 
as 50 feet on either side of the shear zone. Locally such silicified 
schist is ore. 

The causes of localization of the ore shoots are imperfectly 
understood, although deposition seems to have been dependent, 
at least in part, upon the ease with which the mineralizing solu- 
tions circulated. The shoots are commonly alined parallel to the 
conspicuous grooves in the walls of the shear zone, along which 
the ore-forming solutions evidently traveled. Many northwest- 
ward-striking tension fractures, which dip about 85° NE., exist 
near the larger ore bodies but, unless reopened after mineral depo- 
sition, do not extend into the ore bodies. Near the larger ore 
shoots these fractures are a few inches apart, but fractures of the 
same set are several feet apart near the smaller or isolated lenses. 
It is likely that these cross fractures played an important part in 
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making the schist more susceptible to replacement by ore-forming 


solutions. 

Some post-ore movement is indicated along the shear zone by 
the local brecciation of quartz and the polishing of pyrite. In a 
few places the ore bodies are offset several feet along transverse 
fractures. 
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Fic. 5. Longitudinal section on No. 2 mineralized zone, Vaucluse mine, 
showing rake of ore shoots. 


Oxidation and Enrichment. 


During the early days of gold mining in Virginia, placers and 
mechanically enriched surface material yielded a large part of the 
gold. The depth to which enrichment penetrated was from 50 
to 150 feet in this area. 


At the Vaucluse mine, mechanical and probably chemical enrich- 
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ment along cracks and faults is evident to a depth of 110 feet at 
which the oxidized material grades into fresh unaltered rock. 
Near the surface much coarse gold was found and streaks of rich 
ore were obtained along water courses and fractures. No enrich- 
ment was found, however, in the sulphide zone. Marcasite and 
some pyrite, deposited by downward circulating waters, were 
found in fractures on the 200- and 300-foot levels. Many samples 
were taken along water courses, fault zones, and tension cracks, 
but their gold contents were no higher than samples taken from 
the unbroken ore where enrichment was less likely. 


Mining Methods and Costs. 


As indicated by its mineralogy, the ore and adjacent wall rock 
are hard. In development headings, the rock stands well and 
only occasional sections required timbering. The walls are strong 
and stand well in stopes without support during mining operations. 

Owing to the irregularity in size and grade of the ore bodies, no 
established mining method was used. Where a drift cut the bot- 
tom of a pitching ore shoot, regular 5-foot drift sets were placed 
as far back under the brow as required. As the stope advanced 
up the pitch, vertical raises were started to cut the ore higher up 
and obviate rehandling before loading into cars. All labor was 
paid on an hourly basis; 35 and 40 cents was the prevailing hourly 
wage. 


Detailed mining costs are given in table 1. 


Milling Methods and Costs. 


The ore crushed to three-fourths inch is fed to a 6’ X 22” ball 
mill in closed circuit with a 2-foot classifier. Overflow from 
the classifier goes direct to the second of five flotation cells in 
series. Underflow from the fifth cell goes to waste and overflow 
from the four cells is returned to the first, where a finished product 
is produced. The overflow from the classifier contained 28 per 
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TABLE 1. 
Drrect MINING Cost PER TON, VAUCLUSE MINE. 
December 19035—November 1038. 26,452 tons. 

















Labor, Comp. | 
Lain wal same, | Other Explo- | Timber | oe Total. 
| super- drills’ | power. sives. | supplies. | 
| vision. | and steel. | | 
Development, | | | 
crosscutting, | | 
and drifting. $0.433 | $0.153 | $0.160 | $0.115 | $0.022 | $0.024 | $0.907 
Haulage and | 
hoisting....... } .156 — | .042 | _— | — | 2034 | .262 
Pumping........ fo 334) 124 — _ 013 | 270 


General expense | 
underground, | 
including stop- | 
TY ee eee 527 eb | -190 | .0O1 .042 | 1.108 

Surface expense. . 3 — _— | — 021 | -363 





Tutele 4 $1.554 
| 


| 
| | re 
$ .508 | $ .326 | $ .305 | $ .083 | $ .134 | $2.910 





cent solids, 65 per cent through 200 mesh. Following is a typical 
screen analysis : 


Per cent 


St MOO MMEMEL SS cA os oe hcp Ss sw ers 0.30 
SO ts ee ee ss ZO. 
+-150 megh........... eee 
Sr MIME oie oe ks hei s MS SOO 
SOO MNOS ht sts osc Sxis.e O5sL9 


Reagents number 208 aerofloat and number 301 xanthate were 
added in the ball mill and classifier, respectively, and pine oil was 
added at classifier overflow in the following amounts in lbs. per 
ton of ore: No. 301, .10; No. 208, .07; Pine oil, .03. 

The concentrate ran by gravity into a series of settling vats; 
the dried concentrates were shoveled out by hand and dried before 
shipping to the smelter. 

Detailed milling costs are given in table 2. 

Overhead, freight, and treatment charges were as follows: 


Per ton of ore milled 


Freight on concentrate........... Sve Spine ee ee wate $o0.088 
PANCULEL NAIBEROD yes Go: Si atone SAIS of asic a Stk ae CO -108 
PROM ECU AIAT sc Eicsg SRS ee CITE RIS Tne Sine were Soe Ua oe REM a eee -147 
AARC ERIPOTIE 5502s io ctie ata Te GIES ais tare ows eke SAS ares .002 
Miscellaneous and bullion shipment charges. ....... -105 
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TABLE 3. 


Direct MILLING Cost PER TON, VAUCLUSE MINE. 
December 1935—November 1938. 26,452 tons. 











~ | 











| Labor and | | ' Other sup- 
| compensa- Power. | Reagents. |§ plies and Total. 
tion. repairs. | 
| | 
Sone) a ae | $o.010_ | — — | $0.001 | $0.011 
CSUSMING. ..... 555s | -075 $0.070 —_— -028 -173 
SeEMMONR SS Sissies | E27 160 | — 032 | -319 
Flotation. .......... | tay | .032 $0.075 | o2t | 255 
PS ie 074 | 008 | .O10 | 006 | -098 
Drying and sacking | | | 
concentrates..... | -043 -002 = -O15 -060 
General expense... .| -148 | .026 — 110. | .284 
Total: . 35535 | $ .604 | $.208 | §$ .085 $ .213 $1.200 








Total direct mining, milling, and marketing expense per ton was 
$4.56. 

Diamond Drilling. 

A small amount of core drilling was done below the 300-foot 
level. The intersections of the drill holes with the No. 2 ore zone, 
the widths of the zone penetrated, and the gold contents of the 
cores are shown in Fig. 5. Only a few cores extended below the 
300-foot level. No material of commercial grade was cut in No. 
I ore zone. The drilling was done under contract at $1.90 per 
foot, and the total footage was 4,500 feet. 

Owing to the irregularity of the gold contents, no attempt was 
made in these few holes to ascertain the exact gold content at the 
500- and 600-foot depths, but rather to determine the width and 
character of both mineralized zones. The known ore zones were 
cut in each of the eight holes and showed approximately the same 
width and gold content as above the 300-foot level. 

U. S. GEoLocicaL SuRvVEY, 
WasHInecrTon, D. C., 
Oct. 19, 1939. 











CUNEIFORM FRAGMENTS DIAGNOSTIC OF FAULT 
BRECCIA. 


CHARLES HENRY WHITE. 


ABSTRACT. 


In tectonics and especially in the search for ore it is important 
to distinguish fault breccia from detrital breccia. Where ex- 
posures do not reveal the form or geologic relations of the 
deposit, the fragments themselves may provide the only clues to 
their origin. 

Trituration in a fault zone produces cuneiforms with convex 
faces which meet in wedge-like edges in sharp contrast with 
rounded edges and irregular or concave faces of water-worn 
fragments. 


THE origin of a breccia may be readily deduced if the exposure 
of the deposit is large enough to reveal its form and its geologic 
relations. But where exposures are small and the contacts are not 
clear, the fragments themselves provide the only clues for classi- 
fication. In the solution of structural problems, especially prob- 
lems involved in the search for ore, it is important to know, when 
a fragmental deposit is encountered, whether it is a consolidation 
of talus or of saprolite or of other subaerial or subaqueous detri- 
tus, or a fault breccia. If fault breccia, the fault zone may go 
down to a source of ore; and if the movement was pre-mineral 
it may have provided a channel for ore-bearing solutions; or if it 
was post-mineral, it may have displaced an ore-body. 

The identification of fault breccia by the mere angularity or 
rotundity of the fragments is not possible. Fault breccia pebbles 
may be more rounded than the fragments of detrital breccia, and 
vice versa. But the two methods of attrition, the rough and 
tumble of river or beach, and the grinding of face against face 
under great pressure in a fault zone, yield characteristic types, or 
patterns, which persist at all stages from the earliest signs of 
wear to well developed spheroidicity. 
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More than twenty years ago I met with this problem for the 
first time and found its solution at the Miami Mine, Arizona. The 
Gila Conglomerate (Quaternary), here a breccia, rests upon Pinal 
Schist (Pre-Cambrian) from which both its fragments and its 
sandy matrix were wholly derived. ‘The main easterly ore-body 
of the mine was cut off on the east side by the Miami Fault which 
strikes northeast and dips southeast. The Miami Fault is really 
a fault zone of considerable width along which recurrent move- 
ments have produced an extensive crush zone of typical fault 
breccia. Post-Gila movements on the fault brought the east, or 
hanging, wall down a few hundred feet on the footwall so that 
the Gila Conglomerate (breccia) is in contact with the fault 
breccia. In a cross-cut from Pinal Schist through the fault zone 
into the Gila Conglomerate, it appeared at first impossible to 
locate the contact between the fault breccia and the Gila breccia, 
the fragments and the matrix being of the same material through- 
out. 

An inspection of the forms of the fragments across the whole 
width of the zone in question revealed the diagnostic forms shown 
diagrammatically in Fig. 1, 4. These sphenoidal forms repre- 





Fic. 1. A. Forms developed by attrition in a fault zone. B. Rounded 
salients conspicuous in beach and stream abrasion. 


sent successive stages in the wear of a fragment toward sphericity 
by trituration in a fault zone, and B shows how the same frag- 
ment would appear at corresponding stages of wear if rounded by 
wave or stream action. The fragments in a fault zone being 
pushed about among themselves by earth movements in a confined 
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space, abrade one another in such a way as to blunt the points and 
edges at the same time keeping them wedge-shaped and giving the 
faces a convex, or spheroidal, form. Water-worn fragments, in 
sharp contrast, have their points and edges quickly rounded, and 
the faces polished, even when flat or concave. The contrast be- 
tween these typical forms may be expressed by the general state- 
ment that in the development of water-worn pebbles the radius 
of curvature of the rounded edges increases with the wear from 
zero to half the diameter of the spheroidal pebble, whereas in fault 
breccia the radius of curvature of the convex faces decreases from 
infinity (if the faces were flat at the beginning) to half the 
diameter of the finished pebble. 

Not long after the experience at Miami, I found similar 
sphenoidal forms at the Mountain Island Mine on Eel River in 
Mendocino County, California. Here they were useful in clear- 
ing up the geologic relations of the large lenticular ore-body of 
heavy sulphides, which lies in clay schist like a plum in a pudding 
without any apparent connection with a possible source of ore. 
The discovery of the cuneiform fragments at the north end of the 
ore-body was confirmatory evidence that the ore-body as a whole 
had been dislodged from its original position and brought to its 
present location by post-ore -thrusts. Later, I found the same 
forms in the west wall of the great open pit of the Nevada Con- 
solidated Mine at Ely, Nevada. 

During the last ten years I have found these forms in many 
localities in Europe where Alpine thrusts have been dominant, 
especially on the Riviera in the Maritime Alps and eastward in the 
Dinaric and the Transylvanian Alps. The specimens shown in 
Fig. 2 are from a crush zone in one of the large ore-bodies of 
the Mines de Bor in northeastern Yugoslavia about 40 miles 
south of the Danube where it crosses the southern extension of 
the Transylvanian Alps. These cuneiform fragments are a mix- 
ture of iron and copper sulphides with quartz, a replacement in 
andesite. Fig. 3 shows similar forms of unmineralized andesite 
from the same crush zone outside the ore-body. More typical 
and better developed cuneiforms occur about eight miles west of 
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3or in the mountain, Tilva Kumostaku, a southern outlier of the 
Crni Vrh (Black Top) group, where a highly silicified area of 
pyritic mineralization in andesite has suffered post-mineraliza- 
tion movement. The quartz cuneiforms are well rounded but still 
preserve their sphenoidal edges. In the collection of the Geo- 
logical Department of the University of Geneva, Switzerland, 
there is an excellent quartz specimen of this type about six inches 
in diameter that came from the vicinity of the Simplon Pass 





Fic. 2. Fault breccia in ore-body. Mines de Bor, Yugoslavia. 


At the southern extremity of Yugoslavia, a conspicuous crush 
zone in limestone, dipping steeply eastward, runs north-south 
along the east shore of Lake Ohrid. Typical fault breccia frag- 
ments (Fig. 5) have weathered from the zone and are widely 
scattered on the slope the whole length of the Lake. Near the 
south end, east of the village Triszica, a small raised beach, about 
50 meters above the present water level is well covered with 
cuneiform pebbles from the crush zone. These have slightly 
polished surfaces and rounded edges owing to wave action while 
the lake stood at that level (Fig. 4). 
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River and beach wear, illustrated diagrammatically in Fig. 1 B, 
is shown better in Fig. 6, which is a photograph of limestone 
pebbles from the river Salzach at Salzburg, Austria. These speci- 
mens probably came into the river only a short distance upstream 
as they are much less rounded than the average at this point. 

It may be of interest, in this connection, to mention another 
type of trituration, not for the purpose of exemplifying a newly 





Fic. 3. Fault breccia in andesite. Mines de Bor, Yugoslavia. 

Fic. 4. Fault breccia slightly weathered and water worn. Lake Ohrid, 
Yugoslavia. 

Fic. 5. Fault breccia in limestone. Lake Ohrid, Yugoslavia. 

Fic. 6. River pebbles. Salzburg, Austria. 


discovered geologic process but to illustrate how sensitive the 
trained eye becomes in detecting unusual forms that do not 
readily fall into standard categories. In the Museum at Salzburg 
there is a small glass-covered box containing a collection of more 
than 200 fragments of limestone, each about three-quarters of an 
inch thick, apparently sized crushed stone for road building. In 
passing, my attention was instantly arrested because each piece 
has received a lustrous polish without having lost its sharp edges 
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or its minor surface irregularities. The polished faces suggested 
water wear but the sharp edges ruled out that process. I could 
conceive of no geologic process that would account for these 
peculiar forms and was completely baffled until I discovered an 
inconspicuous label which carried the legend that the entire collec- 
tion had been taken from the stomach of a beef! 
3440 Cray. ST., 
SAN FRANCISCO, CAL., 
December 15, 1939. 











EDITORIAL 





DEVELOPMENTS ON AND AROUND THE 
WITWATERSRAND. 

THESE unparalleled gold fields, discovered in 1886, are today 
milling at the rate of almost 1,600,000 tons per diem, but have 
not yet attained their zenith. During the first half of 19309, 
28,480,800 tons of ore were crushed on the 41 mines of the 
Witwatersrand or “ Rand” and 6,258,961 ounces of fine gold 
recovered. By the end of 1939 they should have yielded almost 
340 million ounces and, what is so commonly overlooked, an 
amount of silver alloyed with the gold in the proportion of 
roughly one-tenth. Each rise in the price of gold has brought 
about expansion of the industry, the most spectacular being that 
after 1932, and there is excellent promise for the future. 

Save for three short breaks, mining is active along a curve 
of 90 miles, to depths of between 3,000 and 5,500 feet on many 
properties, the deepest excavations exceeding 8,500 feet, on the 
Robinson Deep and Crown Mines. Exploitation to over 9,000 
feet is in certain cases fully assured, due essentially to the low 
geothermic gradient. 

That amazing result has been achieved only by the enterprise 
and whole-hearted cooperation of alert mining companies backed 
by coordinated technical effort—geological, mining, engineering, 
metallurgical and medical. To the more thorough application 
of scientific principles can unquestionably be ascribed the im- 
mense progress made within the past decade. 

As is well known, the auriferous bodies are constituted by 
surprisingly constant layers of mineralized conglomerate, called 
“ Banket,” that range from a mere line of scattered pebbles in 
the enclosing quartzites of the pre-Cambrian Witwatersrand Sys- 
tem to bodies many feet in thickness, although on the whole 
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averaging between 2 and 7 feet. The majority belong to the 
fairly narrow (30-150 feet) Main Reef Group, but some of the 
higher conglomerates, such as those of the Kimberley Group, are 
exploited locally, and certain of the lower ones are also mined, 
although mostly in the outlying districts, e.g. Klerksdorp. The 
horizon particularly sought for is, however, the Main Reef Group 
with its several persistent productive bands that are confluent 
locally, as for example east of Boksburg, where they form the 
single Main Reef Leader. 

On the Central Rand the Witwatersrand System is almost 
25,000 feet thick. The Lower Division is made of alternating 
groups of quartzites and somewhat slaty rocks—known as 
“shales ’’—with several horizons of ferruginous and magnetic 
shales, glacials, and thin contemporaneous lavas that have all 
proved useful as stratigraphical markers. The Upper Division is 
coarser grained and dominantly quartzitic with numerous pebble 
and conglomerate layers, and has two markers in the shape of 
the ‘ Bird Amygdaloid” and the “ Kimberley Shales.” On the 
“ footwall shales” at the top of the Lower Division rests the 
Main Reef Group, taken as the base of the Upper Division. 

The Lower Division has commonly been regarded as shallow 
marine, but the Upper Division has been variously interpreted as 
accumulated slightly below, at, or just above, sea-level; perhaps, 
as argued by L. Reinecke, in the manner of the Indo-Gangetic 
Alluvium. Whichever view be adopted, the geographical and 
other conditions during its formation must have been unique. 
There is evidence to show that the source of these sediments lay 
in rising ground to the north and west, consisting largely of 
primitive formations veined by quartz, that from analogy with 
existing outcrops in those, or in other, directions, must have been 
gold-bearing. Among the grains of detrital origin in the banket 
are chromite, osmiridium and zircon, more rarely corundum, 
ilmenite, diamond and garnet; by supporters of the “ placer hy- 
pothesis ” much of the pyrite is held to represent transported iron 


“ 


ores. Similar allogenic minerals characterize the “ Banded Pyritic 


Quartzites.” 
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3etween the East and West Rand the beds are fairly well ex- 
posed, plunging southwards into the main basin at moderate or 
steep inclinations to considerable, and in places to unknown, 
depths beneath the volcanics of the succeeding Ventersdorp Sys- 
tem and the sediments of the younger (late pre-Cambrian?) 
Transvaal and (Permian) Karroo Systems (Fig. 1). The Rand 
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Fic. 1. Map showing the distribution of the Witwatersrand System 
on and to the south of the Rand. 1. Old granite; 2, Lower Witwaters- 
rand; 3. Upper Witwatersrand; 4. Ventersdorp; 5. Transvaal and Karroo. 
Thick solid line denotes Main Reef Group; broken lines indicate faults ; 
chain-dotted lines mark approximate boundaries beneath younger forma- 
tions. 


strata reappear to the southeast in Heidelberg, to the southwest 
in Klerksdorp and to the south in the extraordinary tectonic 
Vredefort Dome or “mushroom,” and are now known to con- 
tinue beneath their covering for a great, although unknown, dis- 
tance within the Orange Free State. Whereas on the Rand the 
Witwatersrand System is followed conformably by the Venters- 
dorp volcanics, away from that area it experienced tilting and 
erosion before the pouring out of those effusions, and similar 
orogenic episodes preceded the deposition of the Transvaal and 
IXKarroo Systems respectively. Quite commonly the “ reefs ’’ have 
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had to be pursued beneath a covering formed by one, two or even 
all three of these formations, that are parted by angular uncon- 
formities and that exceed 10,000 feet in places. Determination 
of the dip in these concealing formations has moreover not been 
“asy, Since the stratification in the volcanics can generally be ob- 
tained only from lines of vesicles or from agates, the scanty out- 
crops of the Transvaal Dolomite have commonly been disturbed 
by solution, and the Karroo beds have broken down to form 
sandy soils. In the covered stretch between Boksburg and Nigel, 
where the structure is simple, the strata little broken, dips com- 
paratively low, and markers present above the Main Reef Group, 
the delimitation of the sub-outcrop of the latter was a fairly 
straightforward problem and was completed by 1904, largely 
through the geological work of F. H. Hatch. The easterly and 
southeasterly edge of the basin is now under investigation in the 
hope of locating pay-zones within banket that deteriorates rapidly 
in those directions. Farther out in the basin conditions have 
proved more promising, and several new mines should be in 
operation in that region before long. 

Since 1916 investigation has been considerably aided by the 
official geological surveys made by E. T. Mellor for the Rand, 
by A. W. Rogers for Heidelberg and by L. T. Nel for Vredefort, 
Klerksdorp and Ventersdorp. These have incidentally shown the 
persistence of most of the lithological bands chosen for markers. 

The past six years have furthermore witnessed the exploration 
of the more concealed ground, wherein complications, due to 
changes in thickness or facies, intraformational breaks, and fault- 
ing, were either known or suspected. Brilliant geological deduc- 
tion has been effectively supplemented by geophysical methods and 
many thousands of miles of magnetic traverses run as well as 
limited mapping done with the torsion-balance. It was indeed 
found possible to trace anomalies produced by sub-outcrops of the 
several magnetic shales of the Lower Division beneath coverings 
as much as 2,000 feet thick, while, from the known or estimated 
thickness of the strata parting any pair of such anomaly lines, 
the mean dip of the concealed Rand formation could be satisfac- 


torily calculated. Although the nearest marker lay between 
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1,500 and 2,000 feet below the Main Reef Series, this method 
became of great value in the proving of the new and immense 
block belonging to West Witwatersrand Areas to the southwest 
of Randfontein, as set forth in papers by R. Krahmann, G. Carle- 
ton Jones and R. A. Pelletier. Gravity surveys have moreover 
been helpful in detecting areas of excessive cover—generally 
voleanics—preserved in obscure synclines or in buried erosion 
valleys of pre-volcanic age, for instance in the Klerksdorp dis- 
trict. It cannot be doubted that the future will show an exten- 
sion of such methods as well as the application of new ones. 

A notable part has been played by the diamond drill in these 
searches, in which great thicknesses of broken dolomite—tribbed 
with chert—, recrystallized quartzite or tough amygdaloidal dia- 
base have had to be pierced. Many boreholes exceed 5,000 feet, 
the deepest one being 10,197 feet. In not a few cases such deep 
borings failed only because the reef had been cut out through 
faulting or diking. Since the information.gleaned from each 
boring, whether successful or not, has had an important bearing 
on the siting of the next hole, the exploring of unknown ground 
has manifestly been a slow process where depths of over 4,000 
feet have been involved. 

The combined footages drilled on the Rand and outside during 
the past decade has been colossal. One company has alone been 
responsible for over 33 miles of boring, another has done about 
20 and a third close on 12. The collective labor involved in 
surveying such holes, in examining and sampling the cores, must 
have been enormous. 

Almost every tract beneath which the Main Reef Group or 
other likely horizon could possibly occur within a reasonable 
depth has received close study and the more promising areas have 
been drilled. In some localities the covering of volcanics, or of 
the dolomite, were found to be unduly thick, for instance away to 
the north and west of Krugersdorp, to the west of Klerksdorp 
town and to the south and southwest of Vierfontein. Over 
much of the new ground, unfortunately, the Upper Division was 
discovered to be absent and the Lower one to be overlain uncon- 


formably by the Ventersdorp, as between Devon and Bethal far 
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beyond the East Rand—and thus conforming closely to the con- 
ditions observed through surface mapping within the Klerksdorp 
and Ventersdorp districts. Far to the south, in the northern part 
of the Orange Free State, there project at rare intervals through 
the horizontal Karroo Beds small inliers of Ventersdorp volcanics, 
and borings through the latter have revealed an extensive spread 
of Witwatersrand strata 55 miles distant from the southernmost 
inliers of that system, enormously extending its range and po- 
tentialities. Auriferous bankets have indeed been struck at 
depths, ranging generally between 1,000 and 3,000 feet near 
Odendaalsrust and again 20 miles beyond, and the second of these 
areas, known as “ Western Holdings,” seems destined to become 
a gold mining center. Magnetometric surveys have covered a 
huge area in and around these localities and proved of the great- 
est value in determining the position and strike of the lower group 
of markers. Towards the east, the mantle of Karroo Beds thick- 
ens rapidly. Much remains to be learned about this interesting 
area. 

Outstanding among these new discoveries is West Witwaters- 
rand Areas (‘‘ West Wits’) in which the Main Reef has been 
proved to persist for at least 40 miles, with one mine—Venters- 
post—already milling and two others to be operating shortly. 
This immense field owes its inception largely to the acumen of the 
late L. Reinecke, who insisted that the productive zone must be- 
long to the Main Reef Group and not to higher horizons as had 
tentatively been maintained. The full outcome of this far- 
reaching discovery has still to be determined. Another property 
on the eve of production is Western Reefs, south of Klerksdorp, 
delimited only after prolonged and detailed work on a structurally 
complicated block. Other mines have been opened up on the 
Klerksdorp townlands and also near Heidelberg. 

Space does not permit more than reference to the intensive 
studies made by each of the Rand mining companies on its own 
properties which have so happily led to the blocking-out of new 
pay-areas on reefs other than those hitherto mined, and have so 
considerably extended the lives of most of those mines. One can 
indeed cite the Upper Leaders, clustered within the first 200 feet 
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above the Main Reef Leader between Benoni and Brakpan. More 
of those remarkable and often rich lenses made by the Banded 
Pyritic Quartzites are also being found, usually in or below the 
Leader. They suggest rearrangements, with some concentration, 
of the original pebble-beds and recall seasonally banded sediments. 
A useful discovery too has been the “contact reef” at the junc- 
tion of the eroded Upper Division with the Ventersdorp lavas 
at the Venterspost Mine. 

It cannot be doubted that such continued and patient investiga- 
tion must add materially to the Rand’s banket reserves, quite 
apart from any lower grade of ore that could be profitably ex- 
tracted from abandoned stopes or virgin ground should the price of 
gold continue to rise. It is notable that a mere 4.235 dwts. per 
ton represents the average recovery over the first half of 1939, 
extraction costs being 19/4d per ton. 

Although scientific opinion is still divided regarding the origin 
of the gold, those directing the campaign seem to have accepted 
the “ placer hypothesis’ as a working basis, and the probability 
of that view has in the writer’s opinion been greatly strengthened 
by such work. The “ hydrothermal hypothesis,” so strongly ad- 
vocated by L. C. Graton and others, assumes that the gold and 
the bulk of the pyrite have been introduced into the more permea- 
ble pebble-beds by ascending heated waters derived most probably 
from deep-seated intrusives. It is on the contrary striking that 
in and around the great Vredefort Dome, wherein thermal and 
dynamic metamorphism, tectonic inversion, intense shattering and 
acid and basic intrusion are manifest, the uptilted conglomerates 
are on the whole poorly and patchily mineralized, and ordinary 
metalliferous lodes and impregnations are wanting. The same 
is the case in the Klerksdorp district, where the strata are pene- 
trated, as well as covered, by an abundance of eruptive material, 
of Ventersdorp age. 

The bankets have actually proved richest along the northern 
edge of the basin, in the shallower levels of the West and Central 
Rand, wherein intrusion, save in the form of the common narrow 


dikes, is far less than elsewhere. 
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The presence, too, in certain Ventersdorp conglomerates of 
occasional inclusions of pyritized auriferous banket indicates that 
some, if not all, of the metasomatism of the pebbly bands had been 
effected by the end of Witwatersrand times, t.e. before most 
of the faulting and diking. 

Under the hydrothermal hypothesis great weight is set upon 
the superior permeability of the pebbly layers as compared with 
the enclosing strata, today mostly quartzites. Such a supposition 
is by no means assured, for everything would have depended upon 
the physical condition of the finer material deposited along with 
the pebbles, and, judging from the amount of secondary chlorite, 
chloritoid and sericite in the banket, its matrix could have in- 
cluded an appreciable amount of clayey stuff. Hard to explain 
under the above hypothesis are auriferous pyritic quartzites as- 
sociated with barren, although supposedly permeable, bankets. 
By “placerists” these pyritic quartzites are regarded as having 


‘ 


been ‘“ auriferous black sands ” originally. 

Crucial is the fact that nowhere does the mineralization ever 
transgress from one sedimentation plane to another, and in that 
respect the bankets—and their associated pyritic quartzites—be- 
have exactly like stratified deposits, such as say bedded iron-ores 
or coals, which strongly points to a syngenetic character. In 
pressing analogy with a coalfield, in which the coals and carbo- 
naceous shales are characterized by pyrite and marcasite, accom- 
panied by traces of chalcopyrite and arsenopyrite, it should be 
noted that South African seams contain fully 2 per cent of iron 
sulphides and the banket only some 3 per cent on an average 
though more in places. Washouts, occupied by barren quartzite, 
in the productive banket are moreover known, paralleling those of 
coal-seams. Mineral zoning, characteristic of hydrothermal de- 
posits, is strikingly absent. In the so-called “ pay-streaks” of 
these fields the gold values are definitely related to pebble-size, 
indicative of more active transport of detrital lumps and minerals 
by currents, which, as deduced from the associated current-bed- 
ding, flowed in the case of the East Rand area from northwest 
to southeast. 
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Wherever Witwatersrand arenaceous types have been opened 
up, some pyritization, together with a greater or lesser amount of 
gold, is generally to be found in the conglomeratic portions, and 
that over an area today exceeding 175 by 100 miles, one which 
would be vastly increased, if comparable banket formations far 
to the north in Rustenburg and to the southeast in Vryheid and 
Zululand be admitted as contemporaneous, as is likely. All this 
strongly points to such mineralization being a regional rather than 
a localized phenomenon. 

In their microscopic study of the banket, petrologists have 
rather lost sight of the vast scale on which these peculiar con- 
glomerates have been developed—with all its implications. One 
must, however, freely admit that not only the bankets, but the 
entire System display in greater or less degree recrystallization or 
metasomatism with the development of secondary quartz, chlori- 
toid, pyrite, rutile, sericite and carbon belonging to more than one 
stage. A partial or complete replacement .of pebbles has even 
occurred. The formation of pyrite was certainly protracted. 
The curious so-called pyrite “pebbles” have given rise to much 
discussion and in several respects recall the pyritic concretions in 
sedimentary rocks. The paragenesis of the pyritic quartzites is 
furthermore identical with that of the banket. 

All such is viewed by placerists as essentially a regional phe- 
nomenon brought about by normal circulating waters during deep 
burial and crustal movement, aided perhaps by the volcanic out- 
bursts that everywhere overwhelmed those sediments. The com- 
parative abundance of carbon, as for example in the rich Carbon 
Leader of the Far West Rand, and its occurrence as veinlets and 
segregations in the matrix, generally along planes of bedding, 
suggests the former presence of liquid hydrocarbons generated 


from originally deposited organic matter, such as sulphur bacteria, 
which could well have provided some, if not all, of the sulphur 
needed for converting the few per cent of detrital iron ores into 
pyrite (or pyrrhotite). The peculiar relations of the carbon to 
the sulphides and the gold, as in the carbon nodules, and its 
seeming lateness hint at a catalytic role. 
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Under that view it becomes superfluous to postulate for the 
Witwatersrand System, any more than for any coalfield, the ascent 
from the depths of solutions carrying sulphuretted hydrogen and, 
still more so, gold, seeing that the strata, though repeatedly 
faulted, remain untraversed by cross-cutting auriferous lodes save 
for the numerous quartz stringers or “ verticals” directly associ- 
ated with the bankets. In such materials, particularly under heat 
and pressure, detrital gold, except perhaps when in the form of 
large nuggets, could scarcely have escaped solution, with recrys- 
tallization along or within the pyrite as the physical conditions 
reverted. There does not seem to be anything in the petrological 
evidence positively contradicting the pre-existence of gold in the 
detrital form, and indeed some observers, such as M. S. Fisher, 
have recognized that a limited proportion of the gold might have 
been of alluvial origin, since recrystallized within the pyrite, itself 
partially derived from iron ores. 

Returning to our analogy, comparison could be made with the 
superficial silicification of calcareous sandstones in which the dis- 
seminated carbonate has become recrystallized in scattered rhom- 
bohedra in the chertified groundmass. 

That dikes have been responsible for some of the mineralization 
is indicated by the occasional development within the adjoining 
banket of rarer sulphides such as pyrrhotite, arsenopyrite, chal- 
copyrite, sphalerite, or galena, in many cases with some enrich- 
ment in gold. Such a phenomenon is, however, purely local. 

In order to decide between the Placer and the Hydrothermal 
Hypothesis much more will have to be done on the petrology not 


‘ 


only of the “ reefs” other than those of the Main Reef Series— 
as well as the pyritic quartzites—but the strata of the entire 
System and more particularly those immediately enclosing the 
bankets. The part played by carbon also demands a special study. 
From the stratigraphical side much is still to be learned about the 
direction of transport of the sediments, as disclosed by the cur- 
rent bedding, and on the distribution of the heavy minerals right 
through the System, and the pebbles in the Ventersdorp conglom- 
erates are worthy of additional scrutiny. 
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In concluding, it must be made clear that the above comments 
upon the origin of the banket are proffered not so much for the 
purpose of provoking discussion, as for stimulating study of the 
Witwatersrand sediments as a whole, particularly in regard to 
the accumulation, compaction and metasomatism of that mighty 
and widespread system away from, as well as on, the Rand. 

ALEXANDER L. bu Torr. 

JOHANNESBURG, 

December 16, 1939. 
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DISCUSSION AND COMMUNICATIONS 





COAL METAMORPHISM IN THE ANTHRACITE- 
CRESTED BUTTE QUADRANGLES, 
COLORADO. 


Sir:—Professor J. L. Rich has kindly called my attention to an 
error which appears in the article entitled ““ Coal Metamorphism in 
the Anthracite-Crested Butte Quadrangles, Colorado” (Econ. 
Gro., Vol. 34, pp. 369-398, 1939). In the calculation of the 
maximum pressure to which the coal bed beneath the Mount Car- 
bon laccolith was subjected the statement is made (p. 392) that 
“a force at least twice that of the weight of the sediments and the 
igneous mass was applied to the anthracite forming a part of the 
floor sediments of the laccolith, and continuing as long as the 
laccolith was liquid. Thus the magnitude of the total pressure 
applied to the anthracite must have ranged from 1,400—2,800 
atmospheres.” 

The maximum load upon the coal bed would not be applied as 
long as the laccolith remained liquid but would be obtained when 
the igneous mass became solid. Such a load would be equal to 
the total weight of the sedimentary and igneous material and 
would range between 700 and 1,400 atmospheres depending upon 
the extent of the sedimentary load as considered in the article. 

E. C. DApPLes. 

NORTHWESTERN UNIVERSITY, 

December 2, 1930. 
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Die Bodenschatze Boliviens (The Mineral Resources of Bolivia). 
By FriepRicH AHLFELD AND JorGE MuNoz REYEs. 199 pages, 65 text 
and inserted maps and figures, and map of the mineral deposits on scale 
1:1,500,000. Verlag von Gebriider Borntraeger, 1939. 


The first comprehensive account of the silver-tin deposits of Bolivia 
is that by A. W. Stelzner in 1897. A general description of the mineral 
deposits of Bolivia is contained in Miller and Singewald’s ‘“ Mineral 
Deposits of South America,” 1919. A fairly complete bibliography on 
Bolivian mineral deposits compiled by Miller and Singewald lists 121 
titles. The contributions from 1919 to 1939 include over 200 titles, in- 
dicating greater activity in the investigation and description of Bolivian 
mineral deposits during the last 20 years than during the entire preceding 
time. It is opportune, therefore, to have made available this summary of 
existing knowledge of the mineral resources of Bolivia. 

Dr. Ahlfeld is a German geologist who has spent most of the years 
since 1923 in investigations of the geology and mineralogy of the Bolivian 
mineral deposits and who has been chief geologist of the Direccion Gen- 
eral de Minas y Petroleo since 1935. Mr. Mufioz Reyes is director of the 
Yacimientos Petroliferos Fiscales Bolivianos. The first papers by Ahl- 
feld describing Bolivian mineral deposits appeared in 1926, and his con- 
tributions now amount to about 60 titles, or more than one fourth of the 
titles contributed in this field since 1919. His scientific and professional 
travels in Bolivia have undoubtedly also been more extensive than those 
of any other geologist. The book is essentially a summary of Ahlfeld’s 
numerous contributions which are widely disseminated in German, Bo- 
livian, and American literature. They have been supplemented by the use 
of some of the literature contributed by others, represented by the bibliog- 
raphy of 120 titles included in this volume. It is to be regretted that 
Ahlfeld’s bibliography is not more complete in order to make it of greater 
value to those who may have occasion to delve into the literature of the 
subject and who may not be content to be restricted to Ahlfeld’s selections. 
Muiioz Reyes’ contribution to the book is limited to the 15 pages describ- 


* Books noted under Reviews and Books Received may be ordered through the 
Economic Geology Bookshop, W. S. Bayley, Urbana, Ill., but orders for official re- 


ports and single copies of Journals should be sent directly to their publishers. 
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BOOK REVIEWS. irl 


ing the Eastern Andean petroliferous belt and 2 pages on Bolivian mining 
law and administration. 

The map of the Mineral Deposits of Bolivia is extremely useful. It 
shows the distribution of the earlier Tertiary granitic rocks and intrusive 
and extrusive volcanics, and also the later Tertiary tuffs and lavas. The 
eastern and western boundaries of the tin zone and the western boundary 
of the sub-Andean petroliferous zone are indicated. More restricted 
zones of copper, lead-zinc, and antimony deposits are also shown. With 
the exception of the zone of copper deposits of the Corocoro type and a 
few scattered deposits of other metals on the Altiplano and some unim- 
portant gold deposits in the Brazilian shield in easternmost Bolivia, the 
metalliferous deposits are very strikingly confined within the boundaries 
of the tin zone which comprises the higher portions of the Central Range 
of the Bolivian Andes. This zone extends longitudinally across Bolivia 
with a width of from a little under 100 Km. to nearly 200 Km. It is 
generally under 100 Km. wide north of Oruro where the regional trend 
is southeasterly, and over 100 Km. wide south of Oruro where the regional 
trend is southerly. Most of the localities described in the text are on the 
large map or on the large scale maps in the text. Ahlfeld recognizes, 
however, that many names are not on the maps and has appended a place 
index which gives the province and department for all places. Since 
these political boundaries are not shown on his map, this information is 
of no service to the reader not well acquainted with the geography of 
Bolivia unless he provides himself with a political map of Bolivia. The 
I:1,000,000 map of Bolivia published in 1934 and compiled by the Comi- 
sion Cartografica del Ministerio de Guerra y Colonizacion is perhaps the 
best political and physiographic map of Bolivia. 

Eleven "pages are devoted to an abridged account of the morphology, 
geology and tectonics of Bolivia. A summarized time chart shows the 
periods of orogenesis, the names of the sedimentary formations, the 
periods of igneous activity and the nature of the igneous rocks, and the 
periods of mineralization and their nature. 


PHYSIOGRAPHY. 


The Western Andes, constituting the western boundary of Bolivia, are 
a plateau of Quaternary ashes and tuffs, 13,000 to 14,000 feet in elevation, 
out of which project volcanic peaks attaining to heights of over 21,000 
feet.. They form the western boundary of the great enclosed terrane 
known as the Altiplano which has a width of 150 to 200 Km. The latter 
consists of a series of basins decreasing in level from north to south from 
12,500 feet at Lake Titicaca to 12,000 feet at the Salar of Uyuni. The 
eastern boundary of the Altiplano are the Central Andes. They are con- 
veniently divided into a northern part of great elevation with an exposed 
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granite core, culminating in the Cordillera Real with glaciated peaks over 
21,000 feet high, and a middle and southern part characterized by porphyry 
intrusions and extensive lava and tuff covered areas. Its peaks rarely 
exceed 18,000 feet in elevation. These parts are separated by the de- 
pression of Tapacari where the northwesterly strike of the northern part 
swings around to the northerly strike of the middle and southern part. 
The northern part drops off abruptly on the east through the forest- 
covered slopes of the Yungas to the Eastern Lowlands. South of the 
Tapacari depression the Central Andean belt widens to 400 Km. through 
the coming in of countless lower ranges on the east side. The Eastern 
Lowlands are divided by a westward projection of the Brazilian shield 
into the Beni basin which drains into the Amazon River in the north and 
the Northern Chaco which drains into the Paraguay River in the south. 
The Andean ranges and the Altiplano comprise only one third of the total 
area of Bolivia. 
GEOLOGY. 


A systematic knowledge of the geology of Bolivia is still lacking. The 


scarcity of marine fossiliferous sediments has made correlation of the 
geologic formations exceedingly difficult and conflicting. Red sediments 
occur repeatedly from Devonian to Quaternary. The high ranges of the 
Central Andes consist prevailingly of Paleozoic rocks, Silurian and 
Devonian shales and sandstones predominating. The lower eastern 
Andean ranges are prevailingly Mesozoic and Tertiary and consist for 
the most part of red sandstones and shales. Tertiary red beds are ex- 
tensively developed as the Vetas and Ramos on the Altiplano. 

Plutonic rocks are practically restricted to the pre-Cambrian granites 
of the Brazilian shield and the. Tertiary granitic rocks of the northern 
Central Andes. The “Andean diabase-melaphyr formation,” consisting 
of red sandstones and shales with intercalated sills and tuffs, presumably 
of Liassic to Cretaceous age, is widespread on the eastern slopes of the 
middle and southern Central Andes. Tertiary igneous rocks are repre- 
sented by the granites of the northern Central Andes and the porphyries 
and associated tuffs and lavas of the middle and southern Central Andes 
and the Altiplano, with which the metalliferous deposits are genetically 
related, and by later Tertiary acid tuffs and lavas that cover large areas 
of the middle and southern Central Andes and of the Altiplano. Final 
Quaternary vulcanism is restricted to the basic lavas of the Western 
Andes. The Tertiary igneous rocks do not extend eastward beyond the 
high Puna, as the higher western part of the Central Andes is called. 

The lack of marine Mesozoic and Tertiary sediments prevents a close 
determination of the development of the Bolivian Andes. The basic 
vulcanism of the Jurassic and early Cretaceous is interpreted as evidence 
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of synclinal conditions. The intense folding of the Paleozoic rocks sug- 
gests the bending of the Andean structure preceded Tertiary orogony. Of 
special interest is the age of the mineralization of the Central Andes 
and the Altiplano, which followed the deposition of the Vetas of the 
Altiplano and the Potosi tuffs. Ahlfeld follows Briiggen in considering 
the latter Eocene, and consequently concludes the former to be Oligocene. 
The evidence for the Eocene age of the Vetas and Potosi tuffs is not very 
convincing. Ahlfeld dismisses Berry’s Pliocene correlation of the floras 
of these beds with the casual comment that it was made “ on the basis of 
a small flora.” Yet the Vetas flora included 23 species and the Potosi 
flora was much more extensive. On the other hand Ahlfeld says the 
Vetas are discordantly overlain by the Miocene Rio Mauri volcanics. 
This correlation is credited to Douglas who, on the basis of a silicified 
tree trunk and the symphysis of a mandible of Nesodon, merely says they 
were “formed during or subsequent to Miocene time.” Steinmann had 
challenged the Pliocene correlation and suggested the flora may be as 
old as Oligocene, his argument being that the correlation methou of 
temperate floras are not applicable to tropical floras. He also cites the 
fact that Engelhard’s late Tertiary correlation of the Chilean coal flora 
was subsequently proven wrong by an Eocene marine fauna. Briiggen 
also concluded that the amount of erosion of the Potosi stock and tuffs 
was too great for a Pliocene age. Briiggen overlooks the evidence of the 
great thicknesses of late Tertiary beds deposited east of the Andes that 
erosion of the Andes was great and rapid near the end of the Tertiary. 
These indirect arguments in support of the Eocene correlation appear less 
convincing than the direct correlation of the floras themselves as Pliocene. 


MINERAL DEPOSITS. 


Ahlfeld divides the mineral deposits into the following age groups which 
are equally completely separated areally: 
1. Deposits of the Brazilian shield—pre-Cambrian. 
2. SubAndean oil zone—Devonian. 
3. Silver-tin province of the Central Andes—Oliogecene. 
4. Copper province of the Altiplano—Oligocene. 
5. Sulphur and borax of Western Andes and Altiplano—Quaternary. 
The deposits of the Brazilian shield area have yielded small amounts of 
gold from veins and placers and small amounts of mica. A supposed 
large deposit of hematite has been reported south of Puerto Suarez. The 
region is for the most part unexplored. 
The subAndean oil zone is part of a petroliferous zone that extends 
from Columbia to Argentina. It is marked by numerous oil and gas 
seepages and thermal sulphur springs. The structure is long, narrow, 
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sharply folded, broken anticlines of Mesozoic and Tertiary red beds into 
the cores of which bituminous black Devonian shales have been pushed. 
Since the seepages are especially associated with the Devonian shales, 
they are regarded as the mother rock. The reservoir rocks are the red 
sandstones. Productive wells have been drilled in the region south of 
Santa Cruz by the Standard Oil Company. These properties were ex- 
propriated three years ago by the Bolivian government. 

Corocoro is the only producing district in the Altiplano copper province. 
The ores are mainly chalcocite and native copper in the red bed forma- 
tions of the sandy and tuffaceous Vetas and the shaly Ramos along a 
fault away from which each formation dips. Further suggestive of the 
Lake Superior copper deposits is the occurrence of copper-arsenic min- 
erals like domeykite and algodonite. The district attained its maximum 
production of over 10,000 tons copper in 1920 to 1923. In 1923 the 
French company took over the Chilean company; the former was on the 
verge of suspending operations during the depression, when the proper- 
ties were taken over by the American Smelting and Refining Company. 
The present output is less than half the earlier maximum. Ahlfeld 
naively credits his explanation of the origin of these deposits to “ the 
investigations of Briiggen, Berton, and Ahlfeld,” whereas it was pro- 
posed by Steinmann in 1906 and elaborated by Singewald and Berry in 
1922. Ahlfeld’s references to his earlier beliefs that Corocoro is a 
syngenetic red bed deposit and that the native copper and chalcocite ores 
represent primary differences in depth serve merely to call attention to 
a characteristic rashness and haste in arriving at conclusions that is 
inevitable on the part of so prolific a contributor. The deposits are be- 
lieved to have been formed by normal solutions of igneous origin, and 
the unusual deposition of native copper to be due to the oxidizing effect 
of the ferric oxide in the host rock. 

The Quaternary sulphur and borax deposits are genetically related to 
the late volcanic activity of the Western Andes. The sulphur is the 
product of solfataric action on the volcanoes of the Western Andes. The 
borax has accumulated in the “salares” at the western edge of the 
Altiplano, and are an extension of the larger deposits in Chile. 


THE SILVER-TIN PROVINCE. 


This is the mineralization of greatest interest to students of ore de- 
posits, affording one of the finest examples of a metalliferous province 
both with respect to completeness of expression and variety of geologic 
conditions. In a single genetic unit, it presents the mineralization as- 
sociated with plutonic rocks in the northern portion with a more or less 
conventional expression and with volcanic rocks in the central and south- 
ern portion with the unusual expression that is almost unique for Bolivia. 
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The mineralization of the central and southern portion differs from that 
of the northern in the presence of silver and in the greater variety and 
complexity of the stanniferous minerals. Of the rarer complex tin 
minerals stannite is the most abundant. Yet in a few deposits even 
teallite and franckeite are abundant enough to be of economic importance. 
Despite the attention that the unusual tin sulphide minerals have at- 
tracted, cassiterite accounts for 99 per cent of the tin production. 

The mineralizing solutions are believed to have been derived from a 
granitic magma that underlies the entire province, the plutonic facies of 
which was intruded to greater elevations in the north and laid bare by 
erosion and which lies at greater depth beneath the porphyritic facies 
to the south. Ahlfeld’s map shows 65 porphyritic intrusion of which at 
least 40 are connected with ore deposits. The connection does not appear 
to be immediately genetic but rather structural. Though the porphyries 
range from acid rhyolites to quartz andesites, there is no relation between 
the composition of the intrusion and the nature of the vein filling. The 
veins in the volcanics often pass into the intruded sediments in depth. 
The intrusions frequently decrease in cross section with depth, a shape for 
which Jaskolski proposed the name ethmolith. Hence, it is concluded that 
the immediate porphyry intrusion served only to shatter the sediments 
and provide a path for the ascending magmatic solutions. 

In the normal sequence Ahlfeld distinguishes pegmatitic, pneumatolytic, 
hypothermal, mesothermal and epithermal stages of mineralization. The 
pegmatitic stage is sparingly developed around the granitic intrusions and 
includes lithium minerals, molybdenite, rutile, tungsten minerals, and 
cassiterite. The pneumatolytic deposits are characterized by the deposi- 
tion of cassiterite and tourmaline. The deeper hypothermal veins show 
a preponderance of wolframite and scheelite and at somewhat lesser depth 
cassiterite. As a result tin veins are more abundant on the less deeply 
eroded west side of the granite ranges and tungsten deposits more abun- 
dant on the more deeply eroded east side. The prevailing gangue is quartz 
and tourmaline. These veins grade upward into veins with less quartz 
and tourmaline and increasing amounts of sulphides, particularly pyr- 
rhotite, iron rich sphalerite, and arsenopyrite. The mesothermal stage 
is marked by a decrease in the amount of pyrrhotite and the dominance 
of galena and sphalerite, and the final disappearance of cassiterite. The 
gradation is ultimately into lead and zine veins with siderite and quartz 
gangue. The epithermal stage is marked by the deposition of galena- 
barite veins and stibnite veins, but includes colloidal tin, sulphostannates, 
and scheelite in considerable abundance in some deposits. 

The deposits of the porphyry sequence are likewise classified into hypo- 
thermal, mesothermal, and epithermal. Deposits like Llallagua with tour- 
maline, cassiterite, wolframite, bismuthinite and pyrrhotite are considered 
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hypothermal. Tin-silver deposits like Potosi are classed as mesothermal 
to epithermal. On the other hand as epithermal are considered tin-silver 
deposits like Oruro, wurtzite-sulphostannate deposits like Carguaicollo, 
silver-lead-zinc deposits like Pulacayo, and dominantly lead deposits. 
Despite the use of the terms hypothermal, mesothermal, and epithermal, 
Ahlfeld regards this sequence as an expression of range in temperature 
and not in pressure, and states that the temperature of ore formation 
depended on the depth of the magma source of the solutions and the 
effect of the hot intrusive at the locus of ore deposition. Due to the 
latter effect, the temperature near the surface decreased so rapidly that 
the same deposit may show the range from hypothermal to epithermal. 
One is struck by the inconsistency of such a statement with, for instance, 
the vertical ranges ascribed to those zones by Graton in his discussion of 
“ Hydrothermal Depth Zones” in the Lindgren Volume. If Ahlfeld had 
given more thought to Spurr’s discussions of telescoping in near surface 
deposits and to the considerations that led Buddington to propose the 
term xenothermal, perhaps he would not have been so casual and free 
in the application of these terms to the temperature ranges represented 
in the deposits of the porphyry sequence. The terminology for the zones 
of the normal sequence does not seem to be very apt and suitable for the 
deposits in the middle and southern portion of the Bolivian Central Andes. 

The objective point emphasized by Ahlfeld is that the deposits of the 
normal and porphyry sequence differ not in the association of elements 
(they do with respect to silver), but in the mineralogy, in the texture, 
and in the structure of the veins. The mineralogy of the latter sequence 
is more complex and gel structures prevail. This leads him to the con- 
clusion that mineral deposition was from colloidal solutions rather than 
from ionized solutions. 

Mineralization was practically completed before the deposition of the 
covering of younger Tertiary tuffs and lavas since they contain only a 
little wood tin. A feeble continuation of the mineralization to the present 
time is seen in the metallic content of the deposits forming now at some 
of the hundreds of thermal springs in this mineral province. Ahlfeld 
lists 56 of these thermal springs. 

Significant is the concentration of the greatest intensity of mineraliza- 
tion in the portion of the province where the strike of the Central Andean 
range changes. 

It would extend this review too much to enter into a discussion of the 
individual mining districts, despite the temptation presented by their 
many unusual and interesting features. They include such well known 
districts as Llallagua which, with a known tin content of reserve and 
production of 400,000 tons, ranks as the world’s greatest tin mine and 
Potosi which, with a credited production of 30,000 tons of silver, ranks 
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as the world’s greatest silver producer. The book brings under a single 
cover descriptions of a larger number of the Bolivian districts and more 
fuller descriptions of them than contained in any other work. Though 
primarily geologic in scope, there is much information on mining opera- 
tions and production. More detailed data of that character, that ex- 
cellently supplement the book, is the newly published number of the 
Foreign Minerals Quarterly of the United States Bureau of Mines on 
“Mineral Resources, Production, and Trade of Bolivia” (Vol. 2, No. 4, 
October, 1939). 

Ahlfeld is as much mineralogist as geologist and has contributed greatly 
to our knowledge of the Bolivian ores from that standpoint. His study 
of the crystal form and habit of Bolivian cassiterite has enabled him to 
use them as criteria for the determination of the temperature of ore 
deposition. 

JosepuH T. SINGEWALD, JR. 
Tue Jouns Hopxins UNIVERsITY. 


The Geology of the Anorthosites of the Minnesota Coast of Lake 
Superior. By Franx F. Grout anp Grorce M. Scuwartz. Minne- 
sota Geol. Surv. Bull. 28, pp. 116; figs. 49; pls. 6 (in pocket). Price, 
$3.00. 


The anorthosite masses along the north shore of Lake Superior have 
long been known, but the possibility of their commercial utilization as a 
source of feldspar has recently led to their careful mapping and detailed 
study, as admirably set forth in the present volume. The problem of the 
origin of the extraordinary anorthosite masses, for extraordinary these 
masses must be considered in the light of the findings of the authors, 
appears to have been solved and makes the report an important contri- 
bution also to petrology. 

The principal country rock consists of lava flows of Keweenawan basalt, 
dipping at low angles toward Lake Superior. Some thin flows of rhyo- 
lite are sporadically intercalated between the basalts. Intrusive into these 
older rocks are diabases in sill-like masses, which however are far from 
regular in form. As shown by the structure section in Plate 6, the sills 
are believed to have been fed from below by very thick dikes. The 
diabases are dark-colored, coarse-grained—in fact, some contain augite in 
“spots” that are as much as 3 or 4 inches across—and the fabric in the 
main is diabasic. 

The anorthosite occurs in immense abundance throughout the area, 


generally inclosed in diabase and ranging in size from small crystals up 
to masses one-half mile long. The smaller masses are boulder-like, either 
angular or round. The larger masses, because of their superior re- 
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sistance to erosion, stand out as white knobs and form some of the more 
prominent landmarks of the region. Most of the anorthosite bodies are 
nearly pure plagioclase rocks, in which the feldspar ranges from An,, to 
An,, but is dominantly labradorite (An,.). The boulder-like masses of 
anorthosite tend to be more abundant near the tops of the sills, but in 
some places they occur along the bottoms. 

Xenoliths of gabbro, basalt, and rhyolite also occur in the diabase but 
are not frequent. On the other hand, xenoliths of anorthosite occur also in 
basalt amygdaloid and in rhyolite (p. 47); and this variety of host rocks 
is an item of evidence in the argument that the anorthosites were not 
segregations from the enveloping magma. The only explanation that 
harmonizes with all the facts is that the anorthosite masses are fragments 
that were carried upward by the diabase magma. Computations based 
on recent accurate determinations of the specific gravities of the anor- 
thosites and diabases indicate that the anorthosites if hot—1200° C., would 
have floated in the diabase magma, whereas if cold they would have sunk. 
The idea that the anorthosite masses are xenoliths is not new, as the 
authors point out, for N. H. Winchell had already propounded it in 1899. 
But because the explanation has been rarely invoked to explain other 
occurrences elsewhere, the evidence afforded by the Minnesota anor- 
thosites was critically reéxamined. The colossal size of the larger anor- 
thosite masses makes it somewhat difficult to accept the idea that these 
masses are xenoliths transported from below, but the field facts appear to 
admit of no other explanation. The most likely source for the xenoliths is 
thought by the authors to be the anorthosite in the underlying Duluth 
lopolith. ‘ 

The total amount of anorthosite in the area mapped aggregates several 
hundred million tons. Some very pure masses contain hundreds of thou- 
sands of tons. The features described in this report are readily acces- 
sible along U. S. Highway 61, the International Highway between Du- 
luth, Minnesota and Port Arthur, Ontario. 

ApoLpH KNopPrF. 


Recent Marine Sediments; Symposium by Committee on Sedimenta- 
tion of National Research Council. Edited by Parker D. TRAsx. 
Pp. 736; figs. 137. A. A. P. G., Tulsa, Okla., 1939 (also Thos. Murby, 
London). Price, $5.00. 


This Symposium, which includes 34 separate papers on various aspects 
of recent sedimentation, prepared in each case by one or more specialists, 
not only presents many important contributions to this field of study, but 
also serves as a reference book which should be an important addition to 
every geologist’s library. The greatest value of the book is that it makes 
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possible a wider application by geologists of the Huttonian principle that 
knowledge of past processes should be based on those operating today. 
The various chapters have summarized recent work in sedimentation much 
of which is relatively inaccessible, widely scattered, or in foreign lan- 
guages, and although the title implies that the subject matter is confined 
to marine processes, actually the book includes many data on continental 
deposits, especially in the consideration of stream transportation and delta 
development. 

“Recent Marine Sediments” is divided into seven parts which discuss 
transportation, relation of oceanography to sedimentation, deposits of the 
strand line, near-shore sediments, pelagic deposits, special sedimentary 
features, and methods of study. Individual articles differ widely in their 
approach—some being compilations of recent work in a particular field of 
investigation, as the papers on beaches and shelves, while others, such as 
the articles on deltas and tidal lagoons, make use of a regional study to 
illustrate a type of sedimentation. Each method has its advantages and its 
disadvantages, but it might be wished that the approach were more uni- 
form throughout the book. Some of the papers are especially helpful 
because they bring out diagnostic criteria for the recognition of certain 
types of sediments; others contribute to a general knowledge of the proc- 
esses involved or of the distribution of certain types of sediments. Most 
of the articles point out problems needing aftention and have useful se- 
lective bibliographies. 

Of the many items of particular interest to the stratigraphic geologist 
only a few can be mentioned here. The discussion of the effects of trans- 
portation on sediments brings out clearly the difficulties and uncertainties 
involved in the use of physical characteristics of clastic grains to infer 
the nature of the environment of deposition. The clear picture of the lens 
shape, complex character, and extensiveness of the Mississippi delta is 
helpful in giving an understanding of the nature and probable geologic 
importance of that type of deposit. The three papers devoted to environ- 
ments in which black shales are forming bring out interesting contrasts in 
mode of origin and suggest, in the tidal flat variety, criteria for its recog- 
nition. The discussion of marine calcareous deposits summarizes the fac- 
tors controlling present deposition of limestone in the Florida-Bahama 
area and emphasizes how large a proportion of these deposits are coarse 
grained and definitely formed through fragmentation of the remains of 
organisms. 

“Recent Marine Sediments” is a valuable and helpful addition to geo- 
logic literature and should serve as a useful supplement to the “ Treatise 
on Sedimentation.” The articles vary according to the status of knowl- 
edge and to the ability of individual authors, but certainly no one can read 
the book, or even the convenient abstracts, without gaining a clearer pic- 
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ture of processes of sedimentation and of some of the principles of 
stratigraphy. 
Epwin D. McKee. 
YaLeE UNIVERSITY, 
New Haven, Conn., 
November 28, 1939. 


Mines and Minerals in Brazil. By Jostas LEAo. Centro de Estudos 
Economicos. Rio de Janeiro, Brazil, 1939. Pp. 243. Illus. 


This is the first of a series of monographs to be published in English 
dealing with important phases of Brazilian economy. It treats in a gen- 
eral way of the character and distribution of the mineral resources of the 
country. It is mainly descriptive and statistical, its material being secured 
from official sources. There is little of geological interest in the volume 
other than the designation of the location of mineral deposits of po- 
tential value. Most of the mineral occurrences referred to in the report 
have been known to exist for some time, but the magnitudes of many of 
them have not been recognized, partly because transportation difficulties 
have prevented their exploitation. 

The most significant facts brought out by the investigations of official 
agencies are the existence of enormous reserves of bauxite in Minas 
Geraes, Espirito Santo and on Trauira Island, of beryl in the Rio Doce 
basin and elsewhere, of chromite in Baia, of Columbite and tantalite at Rio 
Grande do Norte and Paraiba, of nickel ores in the States of Goiaz and 
Minas Geraes, and of diatomite and kaolinite in several states. 

There is also reported the discovery of petroleum with paraffine base and 
of chrysotile in Baia, but the importance of these deposits has not yet been 
determined. 

The book contains also summaries of the mineral laws of Brazil and 
statistics showing the value of its mineral industries so far as they have 
now been developed. 


W. S. BaAyLey. 


Some Memories of a Palaeontologist. By William Benjamin Scott. 
Pp. 336. Princeton University Press, Princeton, New Jersey, 19309. 
Price, $3.00. 


Few geologists have had such interesting associations and experiences 
as Professor Scott. Through his personal contacts, charmingly recorded, 
can be traced early western explorations, life in European universities, 
intimate little touches about Huxley and others, the development of geology 
at Princeton, trips to Patagonia and Africa, international relations and 
numerous personal contacts with outstanding men in scientific, diplomatic 
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and world affairs. Particularly interesting are his pithy little anecdotes 
of his colleague Woodrow Wilson that throw new light on this War time 
President. Of almost equal interest are his comments on his teachers at 
Heidelberg that make the German scientists stand out in marked contrast 
to the humane kindliness of Huxley as a teacher. In contrast his bitter 
words about Professor Marsh seem hardly justified. 

The book as a whole is a pleasing and entertaining story, unfolding the 
warmth, humor and geniality of its widely respected author. 

ALAN BATEMAN. 


Manual of Sedimentary Petrography. By W. C. Krumpein ann F. J. 
PetTijoHN. Pp. 549; Figs. 262. D. Appleton-Century Co., New 
York, 1939. Price, $6.00. 


This is the latest and most comprehensive book on the subject. It 
treats of mineral analysis, size, shape, texture and orientation of mineral 
grains. It is in two parts: Part I, by the senior author, deals with sampl- 
ing, preparation for analysis, mechanical and statistical analysis, and Part 
II, by the junior author, deais with mass properties and analysis of shape, 
mineralogy and chemistry. Detailed descriptions of minerals are given. 
The book is up-to-date, authoritative and practical. It supplies technique 
for advanced courses in sedimentary petrography and for research work- 
ers in petroleum, soils and ceramics. 


BOOKS RECEIVED. 
DAVID GALLAGHER. 


Careers in Geology. Pp. 23; figs. 4. The Institute for Research. 
Chicago, 1939. Price $1.00. One of a series [by this Insttiute for 
vocational research| aimed to answer “ Youth’s. Inevitable Ouestion: 
“What Shall I Be?’”. An exceptionally good, condensed account of the 
subject matter and purposes of all phases of geology, together with a 
glimpse of the profession. Well written. 

Petroleo en America del Sur. V.OppennemM. Pp. 13. Extr. Boletin 
Minist. Obr. Publ., Minas, etc., Ecuador. Nos. 26-31. Quito, 1938. 
Brief review by countries. 

Las Exportaciones Mineras en el Pertti 1938. J. Howacen. Pp. 123. 
Cuerpo d. Ing. d. Minas, Pert, Bol. 123. Lima, 1939. Statistical. 


Contribuicgao para a Geologia do Petroleo no Sudoeste de Mato 
Grosso. G. pE Paiva anv V. Letnz. Pp. 98; pls. 6; figs. 7. Div. d. 
Fom. d. Prod. Min. Brazil, Bol. 37. Rio de Janeiro, 1939. Geology 
of southwestern Brazil bordering the Chaco oil country. 


Provincia Petrolifera do Nordeste. Pp. 127. Div. d. Fom. d. Prod. 
Min., Brazil, Av. 41. Rio de Janeiro, 1939. welve papers. 











122 BOOKS RECEIVED. 


Atlas Geoldgico do Brazil, 1933-1934. Pp. 40, 22 maps 19” X 14” in 
color. Servigo Geol.e Min. Rio de Janeiro, 1939. Maps of the states 
compiled by J. F. da Rocha and E. P. de Oliveira based on all data 
available to 1934; various scales from one to six million; table of forma- 
tions and geologic history. 


Effects of Preparation on Ash Fusibility of Selected Illinois Coals. 
L. C. McCazse ann O. W. Rees. Pp. 31; figs. 10; tables 14. III. Geol. 
Surv., Rept. of Invest. No. 55. Urbana, 1939. 


Illinois Mineral Industry in 1938. By W. H. Vosxuir anp G. N. 
Oxtver. Pp. 24; figs. 3; tables 27. Ill. Geol. Surv., Rept. of Invest. 
No. 56. Urbana, 1939. Statistical. 


Fine-Grained Molding Sand Resources of Northern Illinois. H. B. 
WiLtMAN. Pp. 53; figs. 5; tables 13. Ill. Geol. Surv., Rept. of Invest. 
No. 57. Urbana, 1939. Preliminary report of a successful attempt tc 
find local molding sands for the Chicago market. 


Petrography and Correlation of Deep-Well Sections in West Virginia 
and Adjacent States. J. H. C. Martens. Pp. 269; pls. 22; figs. 8. 
West Virginia Geol. Surv., vol. XI. Morgantown, 1939. 


Scenery of Florida Interpreted by a Geologist. C. W. Cooke. Pp. 


118; figs. 58. Florida Dept. of Conserv., Geol. Bull. 17. Tallahassee, 
1939. Interesting detailed geomorphology for the geologist and layman 
alike; paleogeographic maps, shore features, terraces, swamps, keys, and 


even an atoll. 


Notes on the Upper Tertiary and Pleistocene Mollusks of Peninsular 
Florida. W.C. MansrieLp. Pp. 75; pls. 4; figs. 2; tables 5. Florida 


Dept. of Conserv., Geol. Bull. 18. Tallahassee, 1939. 


Geology and Ground Water Resources of Texas County, Oklahoma. 
S. L. Scuorr. Pp. 248; pls. 4; figs. 13; 1 map; tables 12 plus 36 pages 
of Well Tables. Oklahoma Geol. Surv., Bull. 59. Norman, 1939. 


Geology and Petroleum Resources of Clay County, Tennessee. K. E. 
Born anp H. B. Burwert. Pp. 188; pls. 14; tables 7; 1 geologic and 
structural map. Tenn. Div. of Geol., Bull. 47. Nashville, 1939. 


Shales and Surface Clays of Ohio. R. E. LAmporn, C. R. Austin, AND 
D. ScuHaar. Pp. 281; tables 3; maps 2. Ohio Geol. Surv. (4th Ser.) 
3ull. 39. Columbus, 1938. Final report of an exhaustive investigation; 
contains detailed descriptions of occurrences, many excellent full analy- 
ses, and much detailed testing data. 


Geology and Ore Deposits of the Magnolia Mining District and Ad- 
jacent Area, Boulder County, Colorado. A. S. WiItkKeERson. Pp. 20; 
pls. 1; figs. 6; maps 3. Colorado Sci. Soc., Proc. 14, No. 3. Denver, 
1939. Cloos method maps; telluride and tungsten deposits. 


Carbonizing Properties and Petrographic Composition of Pond Creek 
Bed Coal from Majestic Mine, Majestic, Pike County, Ky. A. C. 
FIELDNER, J. D. Davis, W. A. Setvic, D. A. REyNotps, G. C. Sprunk, 
AND H. S. Avuvit. Pp. 46; figs. 28. U. S. Bur. Mines, Tech. Paper 
596. Washington, 1939. Price 1o¢. 
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Areal, Geological and Geophysical Survey of Northern Australia. 
A large group of brief, concise, informative reports and accompany- 
ing maps is being busily produced; 30 have been published, 12 are in 
press, and 69 more are being edited and will soon appear; all on places 
of economic interest. The following have just been received: 


NORTHERN TERRITORY REPORTS. 
No. 17. The Fletcher’s Gully Area, Daly River District. P. S. 
HossFELp. Pp. 7; maps 2. 
No. 19. The Daly River Copper and Silver-Lead Area, Daly River 
District. P. S. Hossretp. Pp. 11; maps 2. 


WESTERN AUSTRALIA REPORTS. 

No. 13. The Just-in-Time Conglomerates, Pilbara Gold-Field. K. J. 
FINUCANE. Pp. 2; I map. 

No. 15. McLeod’s Find, Dalton Mining Centre, Pilbara Gold-Field. 
K. J. Finucane. Pp. 3; maps 2. 

No. 31. The Mount Amherst Gold and Silver-Lead Deposits, East 
Kimberley District. F. H. Jones. Pp. 2; 1 map. 

No. 32. The King Sound Tin-Wolfram Deposit, West Kimberley Dis- 
trict. K. J. Finucane. Pp. 2; 1 map. 


QUEENSLAND REPORTS. 

No. 7. Geophysical Report on the Dugald River Silver-Lead Lodes, 
Cloncurry District. J. M. RAYNER anp P. B. Nye. Pp. 13; maps 3. 

No. 8. The Dugald River Silver-Lead Lodes, Cloncurry District. C. 
S. Honman. Pp. 6; maps 2. 

Nos. 10 and 11. The Silver Ridge Auriferous Lodes, Cloncurry Dis- 
trict. Geology by E. O. Rayner; Geophysics by J. M RayNer anv 
P. B. Nye. Pp. 9, I map. 

No. 13. Geophysical Report on the Iron Range Area, Claudie River 
Gold and Mineral Field, Portland Roads District. C. A. JARMAN. 
J. M. Rayner, ann P. B. Nye. Pp. 5; 1 map. 

No. 24. Geophysical Report on the Lolworth Area, Charters Towers 
District. R. F. THyer, J. M. Rayner, anp P. B. Nye. Pp. 7; 
maps 2. 


Geology and Ground-Water Hydrology of the Mokelumne Area, Cali- 
fornia. A. M. Piper, H. S. Garr, H. E. THomas, anp T. W. Rosin- 
SON. Pp. 230; pls. 22; figs. 28; maps in color. U. S. Geol. Surv., 
W.S. P. 780. Washington, 1939. Price $2.25. 

Artesian Water Levels and Interference between Artesian Wells in 
the Vicinity of Lehi, Utah. G. H. Taytor anp H. E. THomas. Pp. 
49; pls. 3; figs. 7. U.S. Geol. Surv., W. S. P. 836-C. Washington, 
1939. Price 15¢. 

Ground Water in the United States, A Summary. O. E. MErINzer. 
Pp. 75; pls. 1; figs. 30. U.S. Geol. Surv., W. S. P. 836-D. Washing- 
ton, 1939. Price 15¢. A particularly noteworthy, condensed account of 
the ground-water conditions and resources, utilization of water from 
wells and springs, and methods of scientific investigation, in the United 
States, together with a selected bibliography of ro4 titles. 











SOCIETY OF ECONOMIC GEOLOGISTS 





MINNEAPOLIS MEETING. 


The Society of Economic Geologists met in Minneapolis, Minn., on 
December 28-30, in conjunction with the Geological Society of America. 
Twenty-five papers were presented at three technical sessions—one devoted 
mainly to ground water, one to metalliferous deposits, and, the third, held 
in conjunction with the Mineralogical Society, to mineralogic and petro- 
graphic papers. 

President Moore delivered an address on “ Genetic relations: of gold 
deposits and igneous rocks in the Canadian Shield” at a joint session with 
the Geological Society. 

A luncheon of the Society, attended by 82 members and guests, preceded 
the Annual Meeting of the Society. President Moore presided, W. H. 
Emmons, G. F. Loughlin and Alan M. Bateman spoke, and the annual 
reports of the Secretary and Treasurer were presented. The Society now 
has a membership of 419, representing approximately 30 countries. Its 
assets at the close of the fiscal year on November 30, 1939, were valued at 
$48,868.57. 

The following officers were elected in the letter ballot that closed De- 





cember Ist: 
President for 10941. 
Alan‘M. Bateman 
First Vice-President for 1941. | 


W. J. Mead 


Regional Vice-Presidents for 1940. 


J. A. Bancroft, For Africa 

J. A. Dunn, For Asia 

H.. J. C. Connolly, For Australia 

M. K. Shaler, For Europe 

G. B. Langford, For North America 
F. R. Koeberlin, For South America 


Councilors for 1940-42. 


Paul Billingsley 
J. M. Boutwell 


L. C. Snider 


Philip Krieger was appointed Councilor for the term ending in 1941, 
to succeed W. J. Mead, who has become First Vice-President Elect. 
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SOCIETY OF ECONOMI€ GEOLOGISTS. 12% 
W. S. Burbank was nominated to represent the Society in the Division 
of Geology and Geography of the National Research Council, for the term 
1940-42. 
The Council confirmed the election of the following new members: 


Rk. H. Beckwith, Laramie, Wyo., <A. Helke, Baltimore, Md., U. S. A. 


| Ue: L. A. N. Iyer, Calcutta, India 
A. L. Coulson, Calcutta, India W. B. Jones, University, Ala., 
I, Hi. Cram; Tulsa, Okla., U. S.A. U.S: A. 
A. K. Dey, Calcutta, India J. F. Orcel, Paris, France 
E. Y. Dougherty, Toronto, Ont., S. S. Philbrick, Pittsburgh, Pa., 
Canada WeS.Ak 
E. C. Eckel, Knoxville, Tenn., J.C. Rogers, Toronto, Ont., 
Wr. S:, Av Canada 
H. A. A. Ehrenberg, Aachen, Ger-  B. Sen, Jamshedpur, India 
many , H. V. Warren, Victoria, B. C., 
E. K. Fockler, Toronto, Ont., Canada 
Canada T. Watanabe, Tokyo, Japan 
C. S. Fox, Calcutta, India Q. Zaruba-Pfeffermann, Prague, 
P. K. Ghosh, Calcutta, India Bohemia 
G. C. Heikes, Kirkwood, Mo., 
US S.A 


W. D. Jounston, Jr., 
Secretary. 


The Society of Economic Geologists will hold an informal dinner on 
Tuesday, February 13th, in New York, during the meeting of the Ameri- 
can Institute of Mining and Metallurgical Engineers. The place and 
program will be announced later, but at this time President Loughlin 
promises an entertaining evening. 











SCIENTIFIC NOTES AND NEWS 





T. M. Bropertck of Calumet and Hecla Cons. Copper Corp. and special 
lecturer at Michigan College of Mining and Technology is serving as 
acting head of geology and mineralogy until a successor is named for 
Rozert M. Dickey, resigned. 


ANpbREW LeitH of Pickands, Mather and Co., Cleveland, is giving a 
course of lectures on structural geology at Columbia aeavalty. 

E. L. DeGoryer has accepted the chair of distinguished professor of 
geology at the University of Texas where he will give a series of lectures 
this spring term. 

A. L. BricHANnt will supervise geological research in Tunisia, N. Africa 
for the French government. 

R. H. Woops was elected chairman of the Toronto branch of the 
Canadian Institute of Mining and Metallurgy at the annual meeting of 
the association in October. 

W. SmirH, economic geologist for the Georgia division of Mines, 
Mining and Geology, resigned Jan. 1 to accept the position of mineral 
economist for the U. S. Bureau of Mines at their southern experiment 
station, Tuscaloosa, Ala. His first work will be an investigation of com- 
mercial clays of the southeastern states. 

E. K. Nrxen has been made director of the Oregon State department of 
Geology and Mineral Industries in Portland. 

Joun CorMIE is now geologist with the Preston East Dome Co. at 
Porcupine, Que. 

N. P. Peterson has been made assistant professor of mining and metal- 
lurgy at New Mexico School of Mines and will serve as geologist for the 
New Mexico Bureau of Mines and Mineral Resources. 

J. C. PickertNc, who has been with Patifio Mines and Enterprises Cons. 
for the last fourteen years, has resigned. 

L. D. Ricketts was unanimously elected James Douglas Gold Medalist 
for Bo ey by the board of directors of the A. 1. M. E. 


N. Wesser, field geologist for the M. A. Hanna Co., recently re- 
Real to Phoenix, Ariz. from a four months’ trip to north central 
Washington. 

The U. S. GeoLocicaL Survey and Bureau oF MINEs have been in- 
vestigating the following strategic mineral deposits: Antimony, Valley Co., 
Idaho; Chrome, Sweetgrass, Stillwater and Casper, Wyo. and John Day, 
Oregon; Manganese, Olympic Pen, Wash.; Tin, Tinton, S. D., Catron, N. 
Mexico; Tungsten, Nightingale, Nev. 


The PHILADELPHIA GEOLOGICAL Society held a symposium on Anor- 
thosites in Philadelphia on Dec. 21 and 22. The following papers were 
presented: Structure of the Adirondack Anorthosite by R. Balk and A. E. 
Buddington; Laramie, Wyo. Anorthosite by Katherine F. Billings; Rose- 
land, Va. Anorthosite by C. S. Ross; Egersund, Norway Anorthosite by 

F. W. Barth. 

Eusesio PAULO DE OLIvetRA, director of the Brazil Servico Geologica 
e Mineralogica, died at Rio de Janeiro on October 12, 1939. 
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ADVERTISEMENTS 
Patrons of this journal are requested to refer to 


Economic GEOLOGY when consulting advertisers. 
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A Complete Plant Under One Roof 


PRINTING ~ BINDING ~ ELECTROTYPING 


Printers of | 
Scientific and Technical Journals and Books | 
Theses and Dissertations 

Works in Foreign Languages 
Your Book, Sfournal or Thesis placed with us insures 
that the composition, proof-reading, electrotyping, 
presswork and binding follow through in consecutive 


order in one plant—established sixty-three years ago— 
and under the supervision of one management. : : : 


LANCASTER PRESS, Inc. 


Established 1877 LANCASTER, PA. 
| Printers of Economic Geology| | 

















Minerals and Rock Specimens 


Large variety of MINERALS by weight for class work aud for laboratory purposes. Freight 


paid on all shipments valued at $25 and over. 


R. M. WILKE, Box 312 PALO ALTO, CALIF, 








VOL. XII, NO. 1 


of the 


ANNOTATED BIBLIOGRAPHY OF ECONOMIC GEOLOGY 


will be ready in February. 





Order from 


ECONOMIC GEOLOGY PUBLISHING CO. 
URBANA, ILL. 

















THIN - SECTIONS 


AND 


POLISHED SECTIONS 


RUDOLPH VON HUENE 
281 S. HUDSON AVE. 
PASADENA, CALIF. 


Prices reasonable 
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ABOVE: Less time is consumed and smoother surfaces 
are obtained by splitting cores with the Felker Di-Met 
Machine. 


CORE SPLITTING IS QUICKER AND 
MORE EFFICIENT WITH THE 


FELKER DI-MET MACHINE 


This machine, equipped with the Felker Di-Met / 
diamond-impregnated blade, permits average cuts 
for polished or thin sections to be made in 
less than a minute and with utmost ac- PWS 
curacy. No clamps or special mountings ) 

are necessary, as saw cuts from rock can 
be made simply by holding the rock in the 
hand or supporting with modeling clay. 
Bulletin P1-39 gives full particulars on the 
Felker Di-Met Machine. Write for it. 


MUSTO-KEENAN CO. a 


Sales Division - 1801 So. Soto St., Los Angeles, Calif. 











REVIEW OF GEOLOGY 
and Connected Sciences 


REVUE DE GEOLOGIE 


et des Sciences connexes 


RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 


Published monthly with the cooperation of the Fondation Universitaire de Belgique, under the auspices 
of the Société pene y eH de Belgique, with the collaboration of many National Geological Surveys, Scien- 
tific Institutions and Geologists throughout the world. 


ae —- général of the REVUE DE GEOLOGIE: Institut de Géologie, Université de Liége, LIEGE 
elgique 

The REVUE DE GEOLOGIE is par excellence the review of geological reviews; it is not a commercial 
undertaking, but its aim is to secure a cordial collaboration among geologists of all countries; it publishes 
summaries of their works and arranges exchanges of documents among its subscribers. 

The subscription price of vol. XX (the current volume) is 35 belgas. 

Address: M. G. TIBAUX, Treasurer of the REVUE DE GEOLOGIE, 35, rue des Armuriers, Liége 


(Belgique). Sample Copy Sent on Request. 
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An Important Revision 


EMMONS’ 


Principles of Economic Geology 


By Witutiam H. Emmons 


Professor of Geology, University of Minnesota 


New second edition. 518 pages,6x 9. $4.00 


As before, this text presents a concise, practical introduction to the study of mineral deposits, 
Following a comprehensive discussion of deposits of coal and petroleum, the author deals with | 
the processes of ore formation, the classification and genesis of mineral deposits, their deformation | 
and enrichment, etc. In the new edition the book has been completely rewritten and reset to 


present an up-to-date treatment of the subject. 
Send for a copy on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York, N. Y. 




















NEW 
Ward’s Collection 


of American Rocks 


This new collection consists of 100 se- 
lected, typical hand specimens including 
46 igneous, 32 sedimentary, 22 metamor- 
phic rocks; a complete descriptive man- 
ual; and, when desired, 100 expertly 
prepared thin sections. The set is de- 
signed to cover a year’s class work in 
petrology. We invite correspondence 
concerning this carefully worked out col- 
lection and will gladly supply additional 
information. The collection is prepared 
and priced in a variety of ways; one of 
the most suitable is our WPR-1, 100 
rocks neatly trimmed to standard museum 
size, 3’’x 4", Supplied with printed labels, Ward’s Improved Specimen Trays and De- 
scriptive Manual. Per set... $60.00. 

WPRs-3, 100 thin sections of above rocks on 26 x 47 mm. Slides in wooden boxes. 
Per set . . . $100.00. 








NATURAL SCIENCE 


ESTABLISHMENT, INC. 


290 GOODMAN ST. NORTH » »« ROCHESTER, N. Y 
THE FRANK A. WARD FOUNDATION OF NATURAL SCIENCE OF THE UNIVERSITY OF ROCHESTER * 
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GEOLOGISCHES ZENTRALBLATT 

ABTEILUNG A: GEOLOGY 
GEOLOGISCHES ZENTRALBLATT appears on the first and fifteenth of each 
month in parts containing 4-5 signatures. Nine partsconstituteavolume. Fifty- 
six volumes (1901-1936) have been published. 

ABTEILUNG B: PALEONTOLOGY 
PALAEONTOLOGISCHES ZENTRALBLATT appears ina single part of 4-5 sig- 
natures each month. Eight parts constitute a volume. 

The price per volume of the Geologischen Zentralblatt (Abt. A) is 48 Rm. 

The price per volume of the Palaeontologisches Zentralblatt (Abt. B) is 48 Rm.;seven 
volumes have appeared. 




















Address: Gebruder Borntraeger, Berlin, W. 35., Germany 
Determines Direction 


MI A A and Dip of Drill Holes 


Drill Hole Compass 
E. L. DERBY, Jr., Agent, Ishpeming, Michigan 


14-7 CODE: McNeill’s, 1908 








LABORATORY FOR ROCK ANALYSES 


Chemical analyses of rocks and rock minerals made with the accuracy re- 


quired for research work in petrography: for students, geologists, and surveys. 
Moderate prices. 


FRANK F. GROUT, in charge 


GEOLOGY DEPARTMENT, UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 
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An A.A.P.G. Book (1929) 


RECENT MARINE SEDIMENTS 


A SYMPOSIUM OF 34 PAPERS BY 31 AUTHORS 
EDITED BY 


PARKER®D. TRASK 
U. S. GEOLOGICAL SURVEY, WASHINGTON, D. C. 
PREPARED UNDER THE DIRECTION OF A SUBCOMMITTEE OF THE COMMITTEE ON 
SEDIMENTATION OF THE DIVISION OF GEOLOGY AND GEOGRAPHY OF 
THE NATIONAL RESEARCH COUNCIL, WASHINGTON, D. C. 

This book is on the topic of Sedimentation and Environment of Deposition recently voted No. 1 in 
geological research of most importance to the progress of petroleum geology—in a poll of the 3,000 A.A.P.G. 
members and associates, conducted by the Research Committee. Throughout the book, the basic data—observa- 
tional facts—are emphasized rather than speculative inferences. 


@ 736 pages; 139 figures 
@ Bibliographies of 1,000 titles; 72 pages of author, citation, and subject index 
@ Bound in blue cloth; gold stamped; paper jacket; 6 x 9 inches 


PRICE: $5.00, POSTPAID 
($4.00 TO 4.4.P.G. MEMBERS AND ASSOCIATE MEMBERS, 
LIBRARIES, AND COLLEGES) 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
































NEW BOOK LIST 


The books in the following list are all recent publications. Address Economic GEoLocy, Urbana, III. 
Books not in this list (except the publications of official Surveys and those of the Geological Society of America) 
will be furnished at Publishers’ prices. THE PRICES OF ENGLISH BOOKS ARE QUOTED WITHOUT DUTY. THE 
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